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PREFACE. 



The following pages contain a reprint of a series of 
articles which appeared originally in The Electrical En- 
gineer. The articles haying been favorably received by 
the readers of that journal, it is thought that their colleo- 
tion in complete and convenient form will be acceptable to 
that large proportion of the electrical profesaion engaged 
in the conBtmotion and maintenance of overhead and 
underground wires. 

The main idea running through this little work ts to 
present in clear and practical form the ordinary every-day 
work of the testing-room, in other words, the rudiments of 
wire and cable testing, with a view to furnishing to the 
workers in the great fields of telephony, telegraphy, elec- 
tric lighting and electric railroading a concise guide to the 
manipulation of a set of testing instruments. 

It goes without saying that references have been occa- 
sionally made to the standard work on this subject, 
Eempe's " Handbook of Electrical Testing;" and the same 
writer's " Electrical Engineer's Pocket-book," has also, 
from time to time been referred to. 

The author's acknowledgments are dne to Mr. E. H. 
Lyon for assistance in the preparation of the origin^ 
diagrams, which materially help to explain the text. 

New Tobk, July 1891. 
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CHXPTEB n. 

&alvanometert. 

B^TiNa seen just wliat is done in each test, let na now 

proceed to examine the actual instruments required for 

oanying them out and the methods of connecting np the 

UBtruments in practice, 

QAI,TAHOMXTSBS. 

The most important instrument in any testing outfit is 
the galvanometer, aa it is hj means of the indications of 
the galvanometer that oomparisons are made between the 
wires or cables to be tested and the standard instruments, 
such as high resistances, condensers and resistance coils. 

The galvanometer usually employed for fine testing is 
that known as the Thomson reflecting galvanometer ; this 
instrument is made in a great number of different forms, 
of which it will be necessary for our purposes to describe 
only the two or three which are moat nsed in general work. 

The usual form of astatio reflecting galvanometer is 
shown in Fig. 8. It consists of a hard rubber base mounted 
on three leveling screws and provided with either a cir- 
cular level or two short spirit-levels placed at right angles 
to each other, so that the instrument may be accurately 
leveled when set up. Mounted perpendicularly on the 
base are the four galvanometer coils, the two at the rear 
being fixed and the front two hinged, SO that the astatic 
needle system can be removed if necessary. At the top of 
the brass frame to which the coils are attached is a hole 
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into vfaioh fits a small brass stud. From the lower part of 
this atnd ia auHpended, hj a single fibre of raw silk, the 



Fia, 8.— ASTATIO Oalvamohbtke. 
astatio system of needles, oonsisting of two small pieces of 
steel, strongly magnetized, connected together by a fine 
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Qalvanomttert. 11 

aluminum wire, the K pole of the lower needle being be- 
neath the a pole of the upper. By thia arrangement the 
directive foroe of the earth's magnetiBm in minimized aad 
greater Bensitiveneas obtained. 

To the upper needle ie attached a small mirror by means 
of vhioh a ray of light la refleoted haok to a gradnated 
Kcale ; at right angles to the lower needle a small vane is 
fixed in order to oheok the swinging of the needles and 
bring them to rest quickly. The brass Btnd from which 
the needles are suspended can be lowered so that the vane 
resto on the coils ; all strain ia then taken off the silk 
fibre and the instrument can be moved without risk of 
breaking the fibre, but it should never be carried about 
without taking this precaution. 

In raising the brass stud oare should be taken to merely 
press it gently upward by squeezing the fingers in be- 
tween the head of the stud and the frame ; on no account 
Iwiat the stud, as in this way torsion would be put into the 
fibre and trouble from unequal deflections on opposite sides 
of the scale would be the result. 

The coils are enclosed by a case of brass with plate gla^ 
front and back, or by a glass cylinder. 

To the top of the case is fitted a rod which supports a 
very weak permanent magnet by which the needles may 
be directed so as to bring the spot to any part of the scale ; 
by lowering or raising the magnet on the rod the sensi- 
tivenesfl of the needle may be diminished or increased. 
For fine adjustments the rod and magnet can be turned 
together by a tangent screw on the top of the case. 

For reading the deflections of this galvanometer a lamp 
and scale are provided, the light from the lamp being 
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13 Qatvanom^ert. 

fooQBBed on the mirror of the galvanometer, which refleota 
back a spot of light on the eoale. The scale i» nsn^y of 
cardboard and is mled with 860 divisions on eaoh side of 
the sero. The spot of light ma; be either a fine narrow 
streak covering about one division of the scale, or a round 
spot with a blaok line across the centre, the line being 
produced by » fine wire stretched across the orifice 
behind the lens. For a cardboard soale the round spot 
with the black line is preferable, as the part of the seals 
on each side of the deflection is illuminated and readings 
can be made with greater comfort to the observer. Many 
prefer using a ground glass scale, which is ruled in the 
same manner as the cardboard scale. The lamp in this 
case is placed at the side of the scale and the beam of 
light is refiected to the galvanometer by means of a small 
mirror mounted on an arm having a universal joint. The 
observer stands behind the soale, instead of ic front of it, 
and the " spot " appears to him as a line of light on the 
dark ground glass. With this kind of scale a capital spot 
can be obtained by using as the source of light an incan- 
descent lamp with a very straight filament, and either get- 
ting the two legs of the filament in line, or, better still, so 
arranging the lamp that one leg of the filament only is re- 
fieoted by the mirror. In this way a sharply defined line 
of light is obtained and very close readings can be made. 

The advantages of the ground glass scale are that the 
spot can be seen plainly even though the testing room is 
very light, and, that as the observer has not to place him- 
self at one side of the scale but directly behind it, he is in 
a better position for manipulating the instruments and can 
allow himself more sea-room in setting them up. About 
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the only disadvantage is that it is necessary to follow the 
movements of the spot pretty closely, as it is almost invisi- 
ble ezoept from exactly behind the part of the scale to 
vhioh it is deflected. 

In eetting up the galvanometer, care shonld be taken to 
select a steady place. In cable factories a masonry pedes- 
tal with a solid foundation, and not joined to any other 
part of the building, is generally oonstraoted for the pur- 
pose, and in this whj the galvanometer la kept free from 
vibration or jarring. In many places, however, snoh facil- 
ities are not obtainable and it is often necessary to set np 
the instraments in a room on an upper story, and in 
a bnilding where heavy machinery is working almost con- 
tinoally. It then becomes neoessary to resort to various 
devices to free the galvanometer from the effects of the 
vibration of the building. If the building is of very solid 
oonstraction, a substantial shelf, firmly fixed to the wall, 
should provide a steady place ; if vibration is still felt, a 
sheet of rubber or some thick rubber rings shonld be placed 
on the shelf and above this a heavy slab of lead, the gal- 
vanometer being placed on top. 

The most sightly way of arranging this is to have a neat 
wooden case for containing the lead, which may be run in 
melted tn- in the form of fine shot. If this plan does not 
answer, a tray of sand may be substituted for the rubber, 
the weight being placed on the sand. The last expedient 
of all is to suspend the galvanometer by means of springs. 

The usual plan is to place the galvanometer on a tray 
hung from a bracket by fonr coiled brass springs about 
three feet long. The tray is damped eilher by means of 
vanes working in ur<tight boxes below, or by fixing 
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bruBbes at the Hides, the brnsheB just bearing against the 
edges of the tray. By this arrangement all vibration may 
be got rid of, bat great care is needed in moving about not 
to tonoh the springs, or, in faot, any part of the han^g 
tray, aa the least jar is sufficient to set the needle dancing 
for dome minutes. 

When the galvanometer is set up it should be placed on 
a dry surface and the hard rubber base should be clean and 
dry ; if there is any likelihood of moUture being present in 
the air, small plates or cups of hard rubber should be put 
under the leveling sor«w8 in order that the instrument 
may be thoroughly insulated. When possible it is best to 
place the galvanometer facing west, the needles being north 
and south ; but it is often necessary to have it face east, 
according to the position of the room set apart for testing. 

A good astatic galvanometer will not be affected by 
mi^netio disturbanoes if the disturbing influences are more 
than a very short distance away, but if magnets, or iron 
tools, etc, lae being constantly moved about within ten 
or twenty feet of the galvanometer, some sort of m^netio 
shield will be required to prevent the oscillations of the 
needle which would otherwise result. The most effective 
magnetic shield is an old iron safe, a hole being out in thedoor 
large enough to allow of the free transmission of the beam 
from the mirror when the needle is deflected to its fullest 
extent, A box of sheet iron will be found more manage- 
able than a safe and may be suspended from springs in the 
manner described above, thus getting rid both of vibration 
and magnetic disturbance. 

The principal objection to the use of an iron shield com- 
pletely enclosing the ^vanometer is the inconvenienoe in 
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altering th« height or position of the direoting magnet. 
The best combination of magneUo shield and hanging tray 
ifl to have the iron box sapported on s shelf, and the gal- 
vanometer suspended by means of springs passing through 
holes in the top of the box. To obviate the diffionlty re- 
ferred to above, of altering the poBition of the directing 
magnet without disturbing the galvanometer, the rod sup- 
porting the nu^et is fixed to the under part of the toj> of 
the iron box, and the tangent screw is prolonged so that 
the milled head is outside the box. In this manner the 
magnet can be raised or lowered without touching the 
galvanometer, and the direction of the magnet can be 
altered by means of the screw without opening the box. 
Such an arrangement ae this is a very efficient preventive 
both for magnetic and mechanical disturbances, and it has 
the advantage that the parts of the suspended spring con- 
trivance which wonld ordinarily be exposed to accidental 
jarring are rendered inaccessihie by being enclosed in the 
iron box. 

The regular pattern astatic reflecting galvanometer is 
generally wound to about 8,000 or 10,000 ohms resistance, 
and sometimes even higher. The fine silk-covered wire is 
wound on four separate bobbins, as already d^cribed; the 
ends of the coils are led to eight terminals on the base 
plate, four in front and four in the rear, and, by varying the 
connections between these terminals, the combined resist- 
ance of the four coils may be varied. A diagram of these 
connections is always supplied by the manufacturer, but 
for general work it is rarely, if ever, necessary to use the 
coils in any other manner than all in series, so as to obtain 
the maximnm resistance. 
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OHAPTBB m. 

Galvatwm^teri, — ( Contimted.) 
A TSBT oonvenient form of galvanometer, illustrated in 
Fig. 9, is the tripod astatic This galTanometer is much 
less expensive than the square pattern, and also more 
adapted for oarrying about, as it oan be packed in less 
space, making it a very useful instrament wttere muoh out- 
side work has to be done. It has only two coils, which are 
generally wound to a resistance of about 6,000 ohms. The 
mirror with the upper needles is suspended in the centre of 
the coils, and the lower needles with the vane hang just 
below the ooils; the terminals, of which there are two only, 
instead of raght, are placed at the rear of the oaae. This 
form of galvanometer is not so sensitive, of course, as the 
pattern first described, but if properly set ap will give 
very good results, and is amply sufSoient for all ordinary 
work, with the exception, perhaps, of testing very short 
lengths of heavily insulated cable. A little extra oare is 
required in setting up the galvanometer, as it is not pro- 
vided with a spirit level; if no small level is at hand to 
assist the eye, the best plan is to watch the mirror while 
adjusting the leveling screws until it hangs exactly in the 
centre of the coils. 

Another form of reflecting galvanometer, much used for 
outdoor work and carrying about from place to place, is 
the porUble dead-beat instrument, illustrated in Fig. 10. 
The dead-beat arrangement was invented by Sir Wm. 
Thomson, to do away with the inconvenience of waiting 
for the needle to cease oscillating before taking up a settled 
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Fio. 9.— Tripod Astatic Oaltanometeb. 
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18 OalvanoTitelera. 

position on the soale. The mirror with the emuU needles 
at the back ig suspended by a short fibre in a braas tnba; 
the space in whioh the mirroi^ hangs is transformed into a 
small air-tight chamber by tiro glasses, one set in the main 
part of ibe tabs behind the mirror, and the other in a small 
cap vMoh sorevs on in front. The air oonfined in this 



Fw. 10.- 

Binall chamber dampens the morements of the mirror, 
whioh, instead of oscillating back and forth for some time 
when oarrent is tamed on and off, tarns steadily to a cer- 
t^ angle, or back to zero, and stops dead. The small 
galvanometer is shown with its lamp and scale and com- 
bined high resistance and shunt, forming part of a com- 
pact portable set of instrnments for outdoor testing. 
This form of galvanometer is by no means to be reoom- 
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mended for general work; it is not aengitive, and the 
readings, under certain conditions, are not any too aoonrate. 
Magnetic disturbances affect it very considerably, even if 
the moving iron be 8ome dietanoe away from the gal- 
vanometer. To overcome this difficulty, which ia present 
with a noti- astatic instmment almost everywhere except in 
the open country, the magnetic shield, shown in Fig. II, 
has been designed and has proved very useful. It consists 
simply of a hollow case of tin plate made in two sections 
so as to enclose the galvanometer coil, and filled np with 
iron filings. This arrangement forms a very efficient 
screen for magnetic disturbances nnder most circnmstances, 
although in some cases it has failed to keep the needle 
from being affected. 

SHtnJTS. 

Thb most important accessory to a galvanometer is, of 
oonrse, the shunt. This consists of a set of resistance coils 
placed in a suitable box or case provided with terminals 
by means of which it may he connected with the galva- 
nometer and the source of current. The ooils form a path 
outside the galvanometer for the current, which will be 
divided between the shunt and the galvanometer coils in 
inverse proportion to their resistances. The use of a shunt 
is very necessary with a delicate galvanometer because its 
sensitiveness is so great that it will only measure directly 
very feeble currents ; consequently when the defleotioD to 
be produced is likely to be beyond the range of the scale 
only a fixed proportion of the purrent is allowed to pass 
through the galvanometer, and the defection obtained is 
multiplied by the value of the shunt. 

The multiplying value of a shunt is ec[ual to the sum of 
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the resialauoe of the galvanometer and that of tbe shant, 

divided by the resietanoe of the shuot, thus '' • 

For inetanoe, if ve hare a galvanometer of 9,000 ohms 



Fio. 11.— Magnetio Shielo. 
reaiataDCe sbnnted by a coil of wire having a resistaaoe of 
1,000 ohms, BubBtituting these figures for and 8 we 
have, M00+ 1.00" = 10. The multiplying power 
of the shunt would therefore be 10, and all deflections 
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obtained on the galTanometer witli this ahnnt in circuit 
would have to be multiplied by ten in comparing them 
with deflections obtained withoat any shant in circuit. 
The shunt box gBuerallyoontains three ooils baving, re- 



FiQ. 13.— SHnuT Box. 
speotively, ^th, ^th and y^th the resistance of the galva- 
nometer coils. The deflections obtained with the shunts most 
be multiplied by 10, 100 and 1,000, accordiug to the coil 
ased. Figs. 12 and 13 illuBtratc different forms of shunt 
boxes intended for nee with Thomson galTanometera. 
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It is BOmetimes necessary or desirable to make ap a 
shunt of some other multipljing valae than ten, one hun- 
dred or one thousand, and this is an easy matter if a set of 

adjustable reBietanue coils is at band and the resistance of 



Fra. 18.— Shunt Box. 
the galvanometer is known. The resistance of a shunt 
having a multiplying value n is expressed as follows, 

S = Thus, if our galvanometer has a resistance 

of 8,000 ohms, and we wish to make a shunt having a 
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multiplying valne of five, the resistanoe to be given the 
Bhunt wonld beM22. = 3,000 ohms If we find the p^th 

shnnt does not reduce oar defleotione sufficiently, and we 
desire to make a shnnt having the multiplying value of 

S.OOO instead of 1,000, then _M22. — = 1.6 ohm, or, to 
6,000—1 ' 

be more accurate, 1.6003 ohm would be the reslBtanoe of 
the shunt required. 

The shunt should be placed close to the galvanometer so 
as to be as nearly as possible subject to the same tempera- 
ture, and ahoald be connected to it by short thick leads in 
order not to place any additional resistance between the 
ahunt and the galvanometer. 
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Thb keys in general use for cable testing are three in 
number ; first, the battery key ; second, the discharge key ; 
and third, the short cirauit key. 



FiQ. 14.— Ryubr-Jones EsvEBSiNa Kby. 
The form of battery key illnatrated in Fig. 14 la far 
superior to that usually employed and sboim in Fig. 15. 
The ordinary reversing key is both olnmsy and iooon- 
venient, IF the instruments are at all orovded, the cams 
are difficult to get at without touching the terminala of 
the key, and if a powBrf nl battery is in nse this may re- 
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salt in the reception of a smart shouk. Other objections 
are, that nnlesB the workmanship is of the very best, the 
cams are apt to bind and work stiffly, and that the constmc- 
tion of the key greatly favors the aooamulatioQ of dnet. 
As the contacts depend only upon preBsare, the efficieDcy 
of the key is soon impaired by the contact points becom. 
ing dusty and dirty, while their position renders cleaning 



Fig, 15.— Battkb? Eeveksino Kby— Old Fobm, 
a matter of oonsiderable difficnlty nnless the key is taken 
apart. 

The battery key illustrated in Fig. 14, known as the 
Bymer-Jones key, consists of two brass levers pivoted on 
hard rubber pillars and provided with hard rubber 
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handles, by which they can hn moved in one direction or 
the other. These levers make oontaot at either end with 
little platinnm springs fixed to the ends of oresoent-shaped 
brass plates also monnted on hard rubber pillars. To the 
under snr/aoe of both ends of the levers are fixed plati- 
nnm contact plates. The hard rubber handle of the left 



FiQ. 16.— Thk Kbupb Discbargb Key. 
hand lever is provided with a projecting Ing of the same 
material, so that one movement suffices to throw over both 
the levers. The two poles of the battery are connected 
to the terminal screws of the crescent -shaped plates, and 
to the terminal screws on the pivots of the levers are con- 
nected line and earth. A simple movement of the hard 
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rubber bandies puts either pole of the battery to line, 
and if the handles are separated, bo that the levers are 
free of the front plate and both in contact with the baok 
plate, the battery is insulated and the line is put to earth 
through part of eaoii lever and the rear plate. 

The advantages of this key are its great simptioity — as 
even with the roaghest treatment it would be difficult to 
get it out of order — and its good insulation and freedom 
from accumulation of dust. The oontaots being made by 
'<wo rubbing anrfaoes they are kept clean automatically by 
the friction from constant use. The handles are well 
above the terminals and contact plates, so that there is no 
risk of touching any of the metal parts when manipulat- 
ing the key. 

The discharge key is used, as its name implies, for dis- 
charging a condenser or cable. It has three connections, 
one for the condenser or cable, one for the battery, and one 
for the galvanometer through which the discharge current 
is allowed to flow in order to obtain a deflection. The 
Decessary parts of the key, therefore, are a hinged lever 
to which the cable or oondenser is connected, a lower con- 
tact oonneoted to the battery npon which the lever is 
pressed to charge, and an npper contact connected to the 
galvanometer, against which the lever flies when released. 
A trigger to engage with the end of the lever and hold it 
down gainst the I6wer contact for charging, or mid- 
way between the two contaota when it is desirable to in. 
snlate the charged cable or oondenser, completes the key. 

These necessary parts have be«n made up in various dif- 
ferent patterns, among which the best and most useful are 
the Kempe discharge key. Fig. 16, and the Webb key, 
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Fig. 1?. In the former, a stout lever of brass, hinged at 
one end, plays between an upper and a lower contact ; the 
free end of the lever, when pressed on the lower contact, 
is held by two triggers pivoted in front of the lever and 
actuated by ebonite knobs. One of these knobs is marked 
"Discharge" and the other "Insulate." If the knob 
marked " Insulate " is depressed, the lever is released from 
the lower co^itact, bnt is canght by one of the triggers 
before it reaches the upper contact ; the knob marked 
" Dischai^," when pressed, allows the lever to fly all the 
way up, whether it is in the insulated position or pressed 
down against the lower contaot. This arrangement is 
effected by means of an engagement between the two 
triggers which causes both to be withdrawn when the 
" Discharge " knob is pressed, while only one is withdrawn 
when that marked "Insulate" is pressed. The pivot of 
the lever and the two contaot plates are mounted on hard 
rubber pillars. 

The Webb key is of simpler oonstmction bnt not quite 
so automatic in its movements, althoagh the insulation is 
better and there is no risk of confusion, there being only 
one trigger. It consists of a long brass lever pivoted at 
one end and pressed upward against a contaot by a stiff 
spring. Immediately in front of the free end of the lever 
is a hard rubber trigger, pivoted to the base of the key^ 
carrying a projecting strip of brass, which holda the lever 
down when it is pressed against the lower contaot. The 
end of the lever has a step cat in it, so that if the trigger 
is pulled outward slightly, the lever is released from the 
lower contact, but is held before reaching the upper con- 
tact by the projecting brass strip catching the step; the 
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lever is then insulated. On pulling the trigger oat a little 
further the lever is wholly released and brings np against 
the upper contaot, effecting the discharge. Of course, if 
the trigger is pulled out sharply at first, the lever flies at 
ouoe from the lower contact to the npper, making the dis- 
charge iDstaDtaneously. 



Fig. 17,— The Webb Discharqe Key. 
The reason for these attachments for insulating the lever 
is to enable a discharge taken after the cable has been 
charged, and then insulated for a certain time, to be com- 
pared with the instantaneous discharge. For instance. If 
a cable is charged for fifteen seconds and then discharged 
instantaneonslj, a certain deflection will be obtained ; but 
if it be charged for fifteen seconds, then insulated for one 
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minute, and then discbarged, the deflection-Trill be less 
than that obtained with the inHtantaneouB discharge, be- 
caase a alight dieohat^e has been taking place during the' 
minnte through the dielectric to earth. In the case of a 
good sabmariDe oable anbmerged in deep water, this differ- 
ence will be very slight — about three per cent — bat in a 
cable having a low insalation there wonld be a much 
greater difference. 



Fia, 18.— Short Cirouit Key. 
A form of thort cirauit key is shown in Fig. 18. As its 
name implies, the fnnctioa of this key is to short oironil 
the galvanometer ; being bridged across the galvanometei 
oirooit, when the key ia closed, a direct path for the cur. 
rent is provided by the lever of the key and no current 
pasBCB through the galvanometer; when the key is opened 
the galvanometer Ja thrown in oiroQit and the current 
passes throDgh it. By the use of this key the galvanometei 
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is protected from being violently deflucted by the first rush 
of charge when current is turned on, and when a balance 
is being obtained in a resistance test with the dial bridge. 
The form of key shown oonsists of a brass lever, hinged 
at one end, and playing in a brass bridge, having a metal- 
lic contact above and a atop of insulating material below. 
On the hard rubber pillar which supports the lever, and 
on the bridge, are placed double binding-posts to which the 



JiQ. IB.— Double Plco 



wires are attached. Id its normal position the lever is 
pressed by a stiff spring against the upper contact, and 
forms a direct connection between the binding posts ; by 
pressing it down the oontaot is broken, thereby removing 
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the short circuit A trigger attachment, moanted opposite 
the end of tho lever, holds the key in the open position a.a 
long as may be desired. 

A better form of this key than the one shown, is that in 
which, instead of the pivoted lever, a strip of springy 
brass is used, being held rigidly at the end fixed to the 
bard rabber pillar. With this kiad of key there is no 
risk of imperfect contact through weakening of the spring, 
a very annoying defect to which the other is liable. 

Besides these keys, which are indispensable, a very use- 
ful instrument on the testing table is a galvanometer re- 
verser. It is often oonvenient to have all the defiections 
on the same side of the scale, and to effect this, when the 
battery is reversed, it is necessary to change the direction 
in which the current enters the galvanometer. To do this, 
any form of battery reversing key, such as those shown in 
Figs. 14 and 16, may be employed, but preference should 
be given to the double-plug switch shown in Pig. ID. 

This consists of a circular plate of brass, divided into 
four quadrants, which are mounted on hard rubber pillars, 
rising from a base of the same material Each quadrant 
is provided with a double binding-post for attaching wires, 
and two brass plugs, with insulating handles, serve for 
connecting the quadrants in pairs. This switch is con- 
nected in the galvanometer circuit, and the direction in 
which the current enters the galvanometer may be changed 
by simply altering the plugs. The plugs should have long 
stems, so that the hard rubber handles or tips may project 
clear above the binding- posts, giving greater convenience 
in handling than the short plugs used for resistance boxes 
and bridges. 
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In a complete outfit of teeting InBtrnmenta a high resist- 
ance for taking the oonstant of the galvanometer and a 



Fio. SO.— High Resistance Box. 
Wbeatstone bridge for meaBaring redstaDOes are absolutely 
neoessary, and a box oontaining a number of coils having 
different resietanoea is a very useful addition. 
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The high reslBtaoce box generally contains fonr colls, of 
10,000, 20,000, 30,000 and 40,000 ohma reaiBtance, making 
100,000 ohmB resistance in all. This instrument ia illus- 
trated in Fig. 20. The ends of the coils are brought to 
brass blocks on the top of the box, these blocks being pro- 
vided with double binding poets and connecting pings, so 
that the coils may be connected in any combination desired, 



Fio. 31.— Wheatstonb "Dial" BmnGB. 

although the most general manner of using the coils is all 
in series, giving the full reaiatanee of 100,000 ohms. 

High resiatances are also made up containing ten coils of 
100,000 ohms each, giving a total of one megohm. A 
megohm resistance enables the galvanometer constant to 
be taken with greater accuracy and allows of the galva- 
nometer being adjusted to its maximum fienaitiveness ; but 
such a high resistance is very expensive, costing about seven 
times as much as a 100,000 ohm box. A firm of electrical 
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iDstrnment makers in England have lately brought out a 
high raHiBtance box, containing a mixture of glass and 
metal, instead of vire ; these inatntments have to be cali- 
brated after they are made, as it is impoBsible to give the 
mixture any fixed resistance. They generally have a re- 
sistance of several megohms, but rarely come out in round 
numbers, running, instead, to at least two decimal places. 
This is somewhat inconvenient in multiplying, but as 
an offset the instruments are very cheap, the price being 
about one-half that of a 100,000 ohm box. Given this 
advantage, and if the resistance remains reasonably con- 
stant with time and temperature, this form of high resist- 
ance box will no doubt find many users. I understand 
that it has already been adopted by several of the subma- 
rine cable companies. 

The Wheatstone bridge is made up in a variety of forms, 
of which the most convenient are those known as the dial 
and the Post-office patterns. Both these styles have their 
advantages, the former being very easy to read and involv- 
ing the handling of few plug^, while the latter is more 
compact and complete in itself, as the battery and gal- 
vanometer keys are permanently connected to the coils and 
form part of the instrument. Dial bridges are now being 
manufactured, however, with this convenience, the keys 
being placed in front of the dials similarly to the arrange- 
ment of the Post-office bridge. 

The function of the Wheatstone bridge in the measure- 
ment of resistances has already been explained and will be 
further treated of when we come to actual testing instruc- 
tions, so that it will be sufficient here to describe the oon- 
peotions and plan of the instruments themselves. The 
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dial form is illustrated in Fig. 31. The coils are arranged 
in seta of thousands, hundreds, tens and units ; sometimes 
a fifth set of tenths of an ohm being added. The ends of 
the coils are brought to the hrass segment blocks arranged 
around a oircnlar plate of brass. 

Starting from one end of the proportional coils, connec- 
tion is made to the zero s^ment of the end set of blocks ; 
the resistance coils are placed between the segment blocks, 
one betireen and 1, one betweeen 1 and S, and so on, and 
the circular plate of each dial is connected to the zero 
segment block of the next, and so on throaghout. Thus 
the number of the segment blook connected by the plug to 
the oiroular plate represents the number of resistance coils 
in oircnit, whether they be units, tens, hundreds, or thou- 
sands. The proportional coils terminate in brass blocks 
placed at one side of the adjustable reslataace coils. These 
proportional coils form the two arms of the bridge or 
balance, and by altering their relation to each other the 
adjustable coils may be adapted to "measure either very 
high, or very low, resistances. In the dial bridge the two 
sets of proportional coils usually consist of 10, 100, 1,000 
and 10,000 ohms resistance. The battery current splits at 
the centre of the proportional coils, one part going through 
one set to the adjustable resistance coils, the other part 
going through the opposite set to the unknown resistance 
to be measured. 

If the resistance unplugged in the proportional coils is 
the same on both aides, the readings obtained by the ad- 
justable coils will be the actual value of the resistance 
which is being measured. If the resistance to be measured 
is very small we can obUun its resistance to three decimal 
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places hy unpinning the 10,000 ohm coil in the arm 
nearest the adjustable ooile and the 10 ohm coil in the arm 
to which the onknowii reaistance is oonneoted. Then, as 
b (the resistance between battery and coils) is 1,000 times 
greater than a (the resistance between battery and anknown 
reaistance), so (2 (the resistance in ooils) is 1,000 times greater 
tbao X (the anknown resistance), and the reading obtained 
mttst be divided by 1,000 to find the tme value of x. 

In the same way, if the resistance of a; is known to be 
maob greater than the maximum value we can give to d 
while a and h are equal, then, by making a greater than b, 
the reverse is tbe case, and the readings must be muldpUed 
by the ratio of a to & in order to find the vslae of x. 
With proportional coils of 10, 100, 1,000 and 10,000 ohms, 
Iherefore, the bridge has a. very wide range, being capa- 
ble of measuring from .001 of an ohm to 10 megohms. It 
most be borne in mind that some resistance must always be 
unplugged in the proportional odils, as olherwise tbe gal- 
vanometer, which is connected to their extremes, would be 
ahort-oirouited. 
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Wheatatone Bridges. 

Ths FoBt-oilice form of bridge, illustrated in Hg. S2, is 
smaller and more oompaot than the dial pattern and is 
therefore more snitable for out-door and portable ■work 
than for laboratory use. Its range is more limited, as the 
proportional coils only contain three different resistances, 
10, 100 and 1,000 ohms, instead of four ; it can, therefore, 
only measure from .01 of an ohm to 1 megohm. 

The adjustable coils are dxteen in number, their values 
being 4, 3, 2, and 1 in thousands, hundreds, tens and 
units, giving any combination up to 9,999 ohms. The ooils 
are thrown in circuit by taking out plugs instead of put- 
ting them in, as in the dial bridge, and the resistance meas- 
ured is ascertained by adding up the values of the various 
coils unplugged, vhich is not quite such a simple opera- 
tion as reading off a fignre from each of four dials. The 
two small keys fixed in front of the ooils serve, the one on 
the right, for putting on the battery, and that on the left, 
for throwing the galvanometer in circuit. The right hand 
key is generally held down and the left tapped from time 
' to time as the plugs are manipulated ; in this way sudden 
throws of the galvanometer are avoided, the left hand key 
not being kept down for any length of time until an even 
balance ia nearly obtained. A small clamp for holding the 
battery key down permanently would bo a useful addition 
to a Post-office bridge, as the two hands of the observer 
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would then be free for manipulating the pings and t^ 
galvanometer key. 



PiQ. 22.— Wheatstone Bridoe, Post Office Fosii 
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The amall astatio detector galvanometer, illustrated in 
Fig. S3, is an exoellent little iostrument for work-shop or 
factory use with a Post-office bridge. Its small size renders 
it available for portable work and it can be set np quickly 



Fta. 38.— Smali. Astatic Galvanoketer. 

and in places where a reflecting galvanometer wontd be out 
of the question, while it is sadSciently sensitive for ordinary 
resistance measurements. 

A box containing adjustable resistance coils from 1 to 
1,000 ohms is a useful adjunot to a set of testing instru- 
ments. As an instance of its usefulness, reference is only 
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needed to the labor of working ont the maltiplying value 
of shunts of difFerent resigtSDCea, whenever a shiiDt is 
required of a different value to any of the three nnadjusta- 
ble coils supplied with the galvano meter. Of course the 
resistaace of a galvanometer varies considerably with the 
temperature, and a table of shunt resistances and multiply- 
ing values would be incorrect except at the temperature at 
which the resistance of the galvanometer was exactly that 
used in calculating the tajale. By connecting an adjustable 
resistance in circuit with the galvanometer the variation in 
resistanoe 4ae to temperature may be made up and the 
resistance of the galvanometer kept always prAotioally the 
same. In this way a table of shunts can be made out, 
giving the multiplying value for various resistances, using 



itatiug the use of shunts of various values, will be found 
very useful in factories where numbers of cables and wires 
have to be tested daily ; the chief advantage being that 
the galvanometer can be shunted so as to give any desired 
deflection, large deflections, of course, being read with 
greater ease and aoeoraey than very sm^ ones. 
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Condeneen. 

Tbb Bimplest method of meaauring the eleotrostatio 
capacity of a wire or cable, is, as has already been etated, 
by comparing the charge or discharge with the charge or 
discharge of a standard condeneer. A condenser is Bimply 
a Leyden jar arranged so as to occupy the smallest possible 
space; the condensers used in telegraphy and telephony 
consist of leaves of tin foil separated by leaveaof paraffined 
paper. In making condensers for Btandards for testing 
purposes a finer degree of adjustment is necessary, and 
plates of mica are generally need for the insulating medinm, 
instead of paraffined paper. 

In the Leyden jar one surface of tin foil is connected to 
ground and the other to the source of electricity by means 
of which it is charged, the glass bottle serving as the sepa- 
rating medium or dielectric In order to obtain a large 
charging surface the alteroate plates of tin foil in a con- 
denser are connected together, thus forming two laige 
, plates made up of a number of small ones, much as a num- 
ber of oells of battery connected in parallel practically 
form one cell having very large plates. Each set of plates 
is connected to a brass block on the top of the ease ; when 
the condenser is in use one of these blocks is connected to 
earth and the other to the charging key. 

The nnit of capacity is the "farad." A condenser 
which would hold a ohaige of one coulomb at a difference 
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of potential between the plates of one volt would have a 
capacity of one farad. Such a condenser would be of 
enormonB size, and the farad is such an inooDveniently lai^ 
nnit that it haa been neceBsaiy to divide it by one millioQ 
to arrive at a unit of reasonable proportions ; consequently 
measure men ta of oapacity are always expressed in micro- 
farads or fractions thereof. Standard condenserB were first 
made for submarine cable testing, and as the capacity of a 
submarine cable ia about one-third of a microfarad per 
mile the standards were always made of that oapacity for 
oonveDienoe in comparison. 

For general work, however, a non-adjustable condenser 
is not at all a convenient instrument to deal with, as it is 
highly necessary to be able to vary the capacity of the 
condenser, using one-tenth, or one-fifth, or soma other 
fraction of a microfarad, instead of always one-third. 
Until lately adjustable condensers have had one serious 
defect, namely, that the different sections could only be 
connected in parallel, instead of being arranged so as to be 
connected both in parallel and in series. Standard oon- 
densers are now made, however, so arranged that the vari- 
ous sections may be connected either in multiple or in 
aeries, or the sections may be used as separate condensers 
if desired. 

To appreciate the advantage of having a condenser 
arranged in this manner it ia necessary to diacnas briefly 
the laws governing the joint capacity of condensers con- 
nected in parallel and in series. These laws run on parallel 
lines to those referring to the joint resistance of divided 
circuits, but with oondensera exactly oppoaite rcaults are 
obtained, as by connecting them in parallel the capacity is 
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increaaed, and by connecting them in series the capacity is 
diminished; with resistances the effect is reversed. Connect- 
ing in series increases the resistance and connecting in 
parallel or in " multiple arc " diminishes it. 

If we have a number of condensers joined in parallel the 
joint capacity will be equal to the sum of their respective 
capacities. When we connect them in series a very dif- 
ferent result is obtained; their joint capacity is then only a 
fraction of the capacity of a single condenser. When con- 
densers are joined in series their joint capacity is deter- 
mined hy the same law that governs the joint resistance of 
parallel circnits. The joint resistance of two wires joined 
in parallel circuit is equal to their product divided hy their 

earn, thus: * — *— ohms, 

n^ + Rt 
and the joiift capacity of two condensers joined in series ia 
expressed in the same manner : 

' ' -oicrofarads. 



If we have three condensers in series the joint capacity 
F, J>, F, 



F, F, + F, F, + F, F, 
The joint capacity of any number of condensers con- 
nected in series may be arrived at in the same manner, or 
in simpler form it may he written thus : 



p + »■ + H" + »; ' 



F, ^ F, 
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Putting this expression into words, it is evident that the 
joint capacity of aoomber of condensers joined in series is 
equal to the reciprocal of the sam of the reoiprooals of their 
respective capacities. 

Thus if we have a condenser having ten sectdons of a 
capacity of one-tenth of a microfarad each, the joint capac- 
ity of the ten sections connected in parallel will be one 
microfarad, and if one side of each section is permanently 
connected to the earth block the range of the condenser 
will be confined between one-tenth and one microfarad. If, 
however, the plates of each section are connected to insu- 
lated blocks so that the sections may be disconnected from 
the earth block and connected together in series, then the 
range of the condenser will be greatly increased as far as 
small fractious of a microfarad are concerned. If we con- 
nect the whole ten sections in series, the rule of "the re- 
ciprocal of the sum of the reciprocals " shows that the joint 
capacity will be .01 microfarad ; therefore a condenser ar- 
ranged in this manner has a range of capacities from .01 to 
1 microfarad. 

In comparing small capacities, such as those of over- 
head lines or short lengths of nndergroand cable, it is a 
great convenience to be able to adjust the standard con- 
denser to give about the same deflection as the wire or 
cable to be measured, and the accuracy of the test is also 
greater than if widely different deflections are obtained. 
The convenience, therefore, of employing an adjustable 
condenser, the sections of which can be connected either in 
parallel or in aeries, is obvious. 

Fig. 24 illustrates a condenser having a total capacity of 
4 microfarads and a range of capacities from .00985 
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microfarad ap to the limit. This condenser has twelve 
sections ; one of 2 microfarads, one of 1 microfarad, and 
ten of one-tenth each. The alternate plates of each sec- 
tion are connected to small brass blocks, insulated from the 
long strips mnning the full length of the condenser ; the 
pings ftre provided with small binding screws, and for con- 
necting the sections in series they are inserted in the holes 




in the blocks and connected diagonally vrith short piecea of 
wire, the two end blocks of the series being plugged to 
the long strips so as to make coQaeotion with the discharge 
key and earth. 

In Fig. 3S an improved form of the maltiple series adjosta- 
ble condenser is shown. The blocks are arranged so as to 
overlap each other, and the different sections can be joined 
in series by means of the pings alone without the use of 
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oonneoting Tires. The pings are fitted with binding screws 
so that the different sections can be nsed as separate con- 
densers if desired, each section being rendered independ- 
ent of the others by connecting wires to the pings and in- 
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serting them in the blocks. This instrument is the nepliie 
ultra of adjustable standard oondeneers ; the style illus- 
trated is divided into five sections of one-tenth each, and 
has a range of capacities from .03 microfarad to .5 micro- 
farad. 
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When not in nse, standard condensera shonld always be 
sbort-oircoited by inserting tbe plugs between the braes 
blocks to which tbe plates are connected ; ia this manner 
any residual charge is nentralized. 
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Thb battery is a vetj important item in the testing oat- 
fit. For a test on an insulated wire to mean anything, it 
most be made with a high B. H. v., and not less than 100 
Tolta should always be employed, at any rate for testing 
wires inanlated with rubber, gutta-percha or any of the 
mbber compounds. The testing battery mast be constant, 
and sbonid have a fairly low internal resiBtanoe, and a type 
of cell shontd be used which reqnires the least attention, 
because as one or two hundred oella«iast be employed, the 
labor of maintenance and inspection is of conrse very con- 
siderable. In cable factories it is customary to nse a battery 
of from 200 to fiOO cells for insulation tests. 

A set of accomulators form an ideal battery for testing, 
bnt a large namber of secondary cells is seldom available. 
The next best is some form of Daniell, either the original 
Daniell or the liCnotto, bnt not the ordinary gravity bat- 
teries, as Uie Bolntions in these cells diffuse quickly unless 
the battery is doing constant work. In many cases 
LecIanchS cells are used for testing batteries and answer 
very well, as they require very little attention. 

The battery most frequently used for testing work in 
this country is the chloride of silver cell, made np in sets 
of £0 or 100. This battery has great advantages over all 
others in point of compactness and portability, and the 
ease with which any namber of cells may be connected. 
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The chloride of silver cells requirevery careful haadling 
to keep them in good order, as, if the battery is worked on 
a low reeistance, or short-circuited, several damaged eelU 
will probably be the resalt. As portable teating sets do 
not always receive the most careful handling, these bat- 
teriea frequently need the attention of the manufacturers 
to keep them np to the mark. The cells have a pretty high 



Fia. 26. — Chlortok of Silveb Battkkt— 100 Cells, 

intental resistance to start with, and this increases with 
time, mounting np sometimes to an alarming fignre. 

The small oommntator nsnally provided with the porta- 
ble testing batteries should never be need. It is a most 
unsatisfactory and vexatious instrument, always working 
loose and making bad contact ; or, if screwed up tight, 
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metal dust is groand off the points and distribnted over the 
plate BO as to partially short-cironit the battery. It is 
somewhat snrprUing that the manafactarera of the bat- 
teries should still oling to this very inefficient style of 



In Fig. 26 is illnstrated a 100 oell chloride of silver bat- 
tery. The fixed commntator is diacarded and the connect- 
ing cords are provided with forked tips by means of which - 
they oan be connected to a battery reversing key of proper 
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design (such as that shown in Fig. 14). The cover of the case 
is made entirely removable instead of being hinged, this 
arrangement being more convenient for work in a per- 
manently fitted np testing room. 

The testing battery shonld be placed in a well protected 
sitaatioD so that it may be kept free from dust and dirt, 
and above all the entire battcTy should be thoroughly well 
insulated, as a badly insulated battery will disorganize the 
work and render the tests valueless. If Daniell or 
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LeolanchS oells are used they aboald be placed on wooden 
Btaoda raised from the floor or ahelving by means of hard 
mbber feet about four inches iong ; the cells should be 
well separated from eaob other and the glass jars sboold be 
kept dry and clean ; they should be inspected frequently 
and any incipient signs of " creeping " should he attended 
to at onoe. It is of great importanoe in testing that the 
. battery shall be perfectly constant ; any slight defect in 
the battery will aSeot its constancy and neutralize the 
value of the tests. Therefore, too great care cannot be 
taken in avoiding the appearance of any such trouble, or 
in remedyingit after the slightest indication of its existence. 

In a testLug battery the cells are of course always con- 
nected all in series, as for insulation testa the full b. u. f, 
is generally required. In measuring conductor resistance 
and electrostatio capacity it is only neceaaary to use from 
five to ten cella. With the chloride of silver battery it is 
a very easy matter to connect any desired number of cells 
to the battery roverser, as one pole of each cell terminates 
in a small nipple on which the plugs of the connecting 
cords fit tightly, and in order to vary the number of cells 
the only operation necessary is to alter the position of one 
of the pings. With a battery composed of 100 Leelanoh£ 
cells permanently connected in series, the question of chang- 
*ing the battery power qaiokly is not so simple, involving 
the connection of wires, which is rendered additionally 
troublesome when the battery, as is generally the case, is 
placed in a more or less inaccessible position. 

The best plan of getting round this difficulty la to prth 
vide a number of insulated binding posts on the testing 
table to which wires from the battery may be permanently 
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connected ; it is then an easy matter to join np the battery 
kev wiUi the number of oells required for any partionlar 
test. 

Let ns assume that ve have a battery of 100 cells. To 
the testing table, or to the vatt at the side, or in any pogi* 
tion that may be most convenient and accessible, is eoreved 
a set of double binding posts mounted on hard rabber pil- 
lars and base. To the binding post number one a wire is 
run from the zinc pole of the battery and the copper pole 
is connected to post number six ; to the intermediate 
posts vires shoald be run from the copper poles of the first, 
fifth, tenth and twentieth cells. One terminal of the bat- 
tery reversing key being connected to the zinc binding 
post, it is an easy matter to connect the other terminal of 
the key so as to obtain battery power of one, five, ten, 
twenty, or the full number of cells, by simply changing 
one wire. These combinations of cells are all that will be 
required for general testing, and the connections from the 
battery to the pillar binding posts once made, the battery 
need never be touched except for inspection or removal of 
defective cells. 

A set of insulated double binding posts suitable for 
making the battery oouneotions described above is shown 
in Fig. 21. 

The testing room is generally some distance from the* 
terminals of the cables to be tested, or, in a factory, from 
the tanks in which the wires and cables are snbmei^ed. 

This separation, however inconvenient, is necessary in 
order to secure quietness and freedom from magnetic and 
mechanical disturbances likely to aSect the steadiness of 
the galvanometer. 
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In order to make conDeotion vitb the cables to be tested, 
a namber of permaDent leads, wbioli should be of the best 
possible description, heavily insulated and well protected 
from meclianioal injury, are nm from the testing room to 
the terminal room or cable-tanks. It is best to terminate 
these leads at the testing table on a set of the insulated 
double binding posts described above ; the ends of the 
leads are then protected from damage and the insnlation 
afforded is esoellent ; the pillars can be numbered to avoid 
confusion and any lead can be connected with the testing 
instruments by simply joining a short piece of wire from 
the key to the binding post on which the lead required 
terminates. 

Another very useful accessory on a testing table is illus- 
trated in Fig. 26. It consists simply of a brass plate carry- 
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ing a number of binding posts and serves for oooneoting 
the various instruments to earth. Connection with earth ia 
required in several tests and the brass earth plate makes a 
very neat job of the connections, which, if made by simply 
twisting the wires together, would present anything but a 
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sigbtly appearaDoe, to aaj nothing of the risk of poor oon- 
taota. The end terminal of the plate ig oonneoted to a 
good earth by means of a substantial lead, and when 
it is necessary to pat any of the keys or instntmenta to 
earth, the only operation requisite is to rtm a wire to one 
of the spare binding-posts of the plate. 

An improvement I would suggest on this plate is that it 
be made in two parts, one part carrying the terminal to 
which the earth wire is connected and the other the remain- 
ing terminals for the instrument ooonections. The two 
sections of the plate conld be oonneoted or disconnected by 
the insertion or removal of a plug. It is sometimes neces- 
sary, as wbcn testing two wires, looped at the distant end, 
for conductor resistance, to remove the earth connection, 
and the simplest method of doing this is by taking out a 
plug. If the wire is taken off the binding post it is apt to 
be overlooked afterwards and cause trouble, batthe absence 
of a ping from its proper place is more noticeable. 
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Practicai TcaUng. 



The reader lias now been introdnoed to the varions in- 
Btrnmentfl need for cable testing, and next in order are a 
few definite directions toaching on the manner of nsing 
them so KB to obtain nsefnl results. What may be called 
the theorj of the different tests, and the action that goes 
on daring their application, have already been explained 
and illnstrated diagrammatically in ]^gs. 1, 3, 8, 4, 5, 6 
and 7. The diagrams that follow show the actual con- 
nections of the instruments for making the different t«sts, 
and a comparison of the two sets of diagrams should give 
a very clear idea of the subjeot of practical testing. 

In the earlier diagrams, some of the keys and connec- 
tions were omitted in order that the path of the current 
and its action might be made as clear and intelligible as 
poeuble, and the appearance of each pair of diagrams 
will therefore differ materially ; but nevertheless no diffi- 
oulty should be found in understanding the relations 
between them, and it has been my endeavor throughout to 
make explanations and descriptions, even at the risk of 
prolixity, so detailed and full that even those who have 
never seen a set of testing instruments (if such there be), 
might be able to derive a clear idea of how the work ie 
done and what goes on during each test. 
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THE GALVANOMETSB COKSTAMT. 

Before testing a wire for insulation it is neoeseary to take 
the constant of the galvanometer in order to obtain a valae 
with which to compare the deflection given by the wire or 
cable. The connections for taking the galvanometer con- 
stant are shown in Fig. 29. 



OATTCR.V. 




Fio. 39.— ComiEonoNs fob Taetno Oalvahoubtek Constant. 
A high resistance of 100,000 obma, or one megohm, is 
placed in circuit with the battery and galvanometer, which 
is shunted with the ^^ tb or -^ th shunt, and the defleotion 
obtained by a steady application of the onirent is the con- 
stant of the galvanometer. The battery power should be 
the same as that used for testing the cable ; or, if the gal- 
vanometer is so sensitive that, with the full battery, too 
large a deflection is obtained, half the number of cells may 
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be nsed and the resulting deflection doabled. A better 
plan, however, is either to use a very high' reaistanoe or 
to shunt the galvanometer with a lowresistanoe sothat the 
full number of cells will give a readable deflection. 

Tracing the eoDnections in the diagram we see that one 
side of the battery key is connected to one terminal of the 
short circuit key, the other side of the battery key being 
connected to one terminal of the high resiBtance, The 
opposite side of the short circuit key is connected to the 
high resistance, llie wires from the shunt are taken 
one to each terminal of the short circuit key. When 
the current is turned on the circuit ia established through 
the lever of the short circuit key and the high resistance. 
On depressing the lever of the short circait key the gal- 
vanometer is thrown in circuit and the deflection is obtained. 
By tapping the short circuit key a few times the needle will 
be moved gradually along the scale instead of swinging far 
beyond the mark and oscillating for some time ; with a 
little practice the short circuit key may be so manipulated 
that very little time is lost in bringing the needle to rest, 
either at the figure of the deflection or back to zero before 
taming off the current. The defieotion should be the same 
with both poles of the battery ; if there is any appreciable 
difference the suspension is probably slightly twisted or the 
battery ig inconstant, probably owing to bad insulation. 

Assuming that the constant is taken with a battery of lAo 
cells, a high reustance of 100,000 ohms and a shunt in the 
galvanometer oiroait of tVt^^' '*°^ ^ defleotion on the 
scale of 300 divisions is obtained, this result should be 
written down as follows : 

Oalvaiiometer Constant : 100 cells, 100,000 ohms, S j^j, 
def. 300=30,000. 
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The last figure, thirty -ihoa sand, is the defleotion that ] 00 
cells would give through one megohm with do Bhiint in the 
galvanometer ; or, io other words, 100 cells woald give a. 
defection of one division on the scale throagh a resistance 
of 30,000 megohma. 

To obtain the grand constant the defleotion observed is 
maltiplied by the power of the shunt ased and by the 
resistance in oircait. In the ease imagined the multiplying 
power of the shunt is 1,000 and the resistance ^i^th of a 
megohm; consequently the grand constant is 300 X 1000 X 
^=30,000. 

In noting down the galvanometer constant on a test 
sheet it is best to give all the details of number of cells, 
shunt and resistance employed, and the deflection obtained, 
in the form given above. If necessity should arise at any 
subsequent date for examming the report no doubt can then 
arise as to whether the same battery was employed through- 
out the test, or whether the constant was correctly calcu- 
lated ; and if all the data are properly noted down the test 
oan be worked out again should there be any doubt as to 
the results ; whereas, if these details are omitted there is 
no cheek on the correctness of the working or on the accur- 
acy of the results given. 
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The coDDections for the insulation test are ahown in Fig. 
30. It will be Been that almost the only difference between 
thie and the preceding diagram is that the cable takes the 
place of the high resistance. In taking the galvanometer con- 
stant, however, it makes no difference whether one side of 
the battery key and high resistance are put to earth or con- 
nected directly together,* but in making the testforinsula- 
tioo one side of the battery most, of course, be pat to earth, 
as it is the dielectric of the cable that really takes the place 
of the high resistance and the dielectric is in contact 
with the earth in the nalnral course of events. 

Before the oable is connected to the lead the instruments 
and lead should be tested for leakage by turning on the 
the full battery power and opening the short circuit key, 
no shunt being inserted in the galvanometer circuit. If 
any deflection is observed it should be noted under the 
beading of "leakage from lead," and the amount of this 
deflection should be deducted from that given by the cable. 
It is important that all the instruments be kept clean and 
dry, and that the wire used for connecting them and for 
the lead have a high insulation. The leakage from the 
instruments and lead should not be more than a few 
divisions, ten at most ; if mnch more than this is observed 
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61 



the oonneotions shonld be overhauled, and the tronble 
remedied. It can readily be aeuertained whether the 
leakage, if an andne amount Is observed, is in the lead or 
the inetniments by dieconneotlDg the lead entirely and 
testing the instnimentB alone. 

Special attention shonld be paid to keeping the leads in 
good order ; the testing room ends, being connected to the 
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insulated binding posts, need never be touched, but the 
ends that are joined to the cables or vires to be tested 
should be trimmed oooasionally, the insulation being tapered 
so as to expose a considerable surface between the wire 
and the braiding ; the attendant who makes the connections 
should be instructed not to handle the lead near the extreme 
end but to hold it about six or eight inches back ; if the 
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end of the lead is handled mnoh the insalation will become 
Boft and perhaps damp, givmg rise to sarfaoe leak^;e. 
When testing sabmariDO cables, of wires submerged in a 
tank, botb ends ghottld be carefully trimmed and the insula- 
tion coated with hot paraffin for a short distance back to 
prevent surface leakage. 

The insulation of the inatmmentB and lead having 
been tested and found " O K," the*cable is connected to 
the lead and the current turned on by means of the bat- 
tery key, the zinc pole of the battery being applied first. A 
few moments after taming on the battery the short-oircnit 
key should be depressed, throwing the galvanometer into 
circuit The short-circuit key should always be left closed 
when the ourrent is first applied to avoid sending a andde^ 
charge through the galvanometer, which would cause the 
needle to be violently deflected and perhaps partially 
demagnetized. 

It will be observed that the deflection obtained, instead 
of remaining steady, as with the constant, gradually 
decreases ; the resistance of the dielectric being apparently 
augmented by the application of the current. This 
phenomenon is called petrification, and no clear and satis- 
factory explanation of its cause is forthcoming, although it 
is attributed to a sort of polarization of the insulating 
material by the action of the current. Electrification is 
especially marked with homt^neous dielectrics, such as 
gutta-percha and india rubber ; it is greater with the latter, 
than with the former and with both materials it is greater 
at a low than at a high temperature. 

With cables having a dielectric of fibrous material 
satorated with paraffin or resinous compotmds electrification 
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18 very rapid for the first minute or two and Bubaequently 
very Blow, or almost stationary. A cable of tbis descrip- 
tion, if subjected to a temperature snffioiently bigb to lower 
tbe insulation to any considerable extent, will not show any 
electrification at all, the deflection remaining practioally 
constant however long the current is kept on. A steady 
deflection and gradual electrification are signs of a good 
cable ; absence of electrification, oscillations and kicks of 
tbe spot denote the reverse. In testing sabmarine cables, 
or rubber covered wires submerged in water, special at- 
tention should be paid to these indications. The deflection 
may be steady and show fair electrification, but if any 
gudden kicks are observed, even though they be very 
small ones, tbey may be taken as an almost sure indication 
that the wire or cable has an incipient fault which will 
probably be completely broken down, or at any rate devel- 
oped sufficiently to proclaim its existence beyond doubt, by 
the steady application of the zino pole of a battery of 
several hundred cells. 

Another sign of a good cable is that it should give equal 
deflections with both poles of the battery. The zino cur- 
rent is always applied first as it has the effect of accentuat- 
ing any fault or incipient defect, and as a general rnle tbe 
readings with the zinc pole are considered a sufficient indica- 
tion of the condition of the cable ; but if any weakness 
is suspected the cable is thoroughly discharged by being 
connected to earth for some time after the zinc current is 
discontinued, and a set of readings are taken with the 
copper pole of the battery to line. These readings should 
correspond with the first; if they do not — provided the 
cable has been completely dischai^ed between the two 
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applioationa of corrent — tlie test is not considered sfttisfao- 
tory and the cable will probably not last in good condition 
for very long. 

These refinements in cable-testing are scarcely applioa- 
ble to erery-day work, bat should always be applied when 
testing oablee at a factory for acceptance or rejeolion, as 
the various points enumerated above throw considerable 
light OD the specific quality of the dielectric and its 
prospective durability. It is not to be imbued that an 
relaxation of careful methods is advocated in every-da> 
work, bat it is not generally necessary in making periodi- 
cal tests to take reversals or to take more than one minute's 
reading with the zinc current on each wire, except in the 
case of new cables or when a fault is auspeoted. 
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7fes< for Insulation. — (Continued.) 

To return to our specific example of the test for iosnla- 
tion resistance. The behavior of the spot should be care- 
fully watched, and at the end of one minute from the 
time of turning on the current the exact deflection should 
be noted. This deflection serves for working out the 
insulation resistance \>j comparison with the galvanometer 
constant ; the figures for iDsnlatioD resiatance are generally 
stated to be " after one minute's electrification," 

We will assume that the cable being tested is 2,640 feet 
long and that the deflection after one minute is 60 divis- 
ions on the scale. The constant of the galvanometer being 
30,000, the absolute insulation resistance of the cable is 
3 "j V " = 600 megohms. As cables vary in length it is 
obviously useless, for purposes of comparison, to know the 
insulation resistance of a cable without also knowing its 
length, and even ho it is not convenient to have to refer to 
two separate quantities ; therefore it is usual to speak of 
the resistance per unit of length, and the insulation resist- 
ance per mile is the figure by which we can best judge of ■ 
tlie actual condition of a cable. 

In the present case the absolute insulation being 600 
megohms and the length 2,610 feet, of .6 of a mile, the 
insulation resistance per mile will be SOO x -S = SCO 
megohms. If the cable were 5 miles long and gave the 
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same deflection, the insulation per mile would be 2,500 
megohms. 

The iDBnlation resistance per mile is always found by 
multiplying the absolute insulation, or the insulation for 
the whole piece, by the length ; if the length is less than 
one mile the insulation per mile will be less than the abso- 
lute ; if the length is greater than one mile the insulation 
per mile will be proportionately greater than the absolnte. 
Thus if a piece of wire one-tenth of a mile long showed an 
insulation of 10,000 megohms, its insulation per mile 
would be 1,000 megohms. If a cable 10 miles long showed 
an absolute insulation of 100 megohms its insulation per 
mile would also be 1,000 megohms. 

In testing long submarine cables it is usual to keep 
the current on for a number of minutes, sometimes 
for half an hour, notii^ the deflection at the end of each 
minute. The electrification and general behavior of the 
cable under test can then be observed with care. After 
Uie zinc current has been on for thirty minutes, the cable is 
put to earth for five or ten minutes, and the discharge or 
earth readings are noted; then the copper pole of the bat- 
tery is applied and a set of readings taken, after which 
the cable is B^ain put to earth and the discharge noted at 
] intervals as before. 

With short cables it is scarcely poswble to make such 
long tests unless the battery power employed is very great 
or the galvanometer extremely sensitive, aa the deflection 
obtained from a short cable of high insulation is so small, 
that, at the usual rate of electrification, there would be no 
defiection at all, or else a stationary one, long before the 
thirty minutes' readings had been taken. Kor is it necessary 
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to make such elaborate testa on short cables, as if there ia 
any defect present it will ba revealed by a few readings or 
by taking reversals, as previously explained. 

In testing cables or wires iaenlated with bomogeneoas 
compKiunds in a factory they shonld always be immersed 
in water kept at a definite temperature duribg the whole 
time, not less than two or three days, that the cable is 
snbmei^ed previous to the test. The usual standard 
temperature to which cables are subjected to in factory 
tests is 75 dog. Fahrenheit. This is a higher tempera- 
tare than they are likely to he affected by when in use, 
the conditions being purposely made onfay arable to the 
cable in order that any possible defects of manufacture, 
which might not show up at once under ordinary oonditions, 
may be revealed before the cable is accepted and put 
into use. 

In testing telephone cables containing 50 or 100 conduc- 
tors it is necessary to test each wire separately for insula- 
tion and a certain number for capacity and resistance. As 
a general rule, one minute's reading is considered sufficient 
for each conductor, aa a cable which practically depends 
upon the soundness of the lead sheath for its insulation 
will show very quickly whether the condition of the insula- 
tion is good or bad. Another reason which renders readings 
with different poles of the battery a poor guide to the con- 
dition of an underground cable insulated with fibrous 
material saturated with paraffin or compound, is that the 
insulation resistance is affected by heat to a very consider- 
able extent, and it is also very quickly lowered by the 
presence of the smallest amount of moisture in the cable. 
But by whiohever cause the insulation is lowered, the read- 
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. inga with opposite poles of the battery will be different, 
and therefore no olue is really afforded to the actual cause 
of an nnsatisfactory test on a cable of this class ; it may 
be either heat or moistare, unless, of course, there exists 
an absolute oertainty that the cable is nowhere subjected 
to undue heat. If, however, moisture once gains an in- 
gress into a cable insulated with fibrous material, the insu- 
lation win fall very quickly and the entire cable will soon 
be practically dead grounded, owing to the rapid absorp- 
tion of moisture characteristic of such substances. 

The insulation of a telephone cable should be fairly regu- 
lar throughont, each conductor giving about the same in- 
sulation, bat this is rarely the case, even when the average 
insulation is vary high. For this reason the aver&ge of all 
ihe conductors is always taken as a guide to the general 
condition of the cable. A certain limit should be set, be- 
low which no conductor is to fall, as the average insulation 
may be up to the mark owing to high results from a nam- 
ber of the conductors, while othera may test so low as to 
indicate the existence of a fanlt As a general rule, if the 
insulation of a telephone cable is reasonably high and 
fairly uniform throughout, the ooudition of the cable U 
good. With a very high insulation there may be appar- 
ently great irregularity between the different conductors, 
owing to the difficulty of reading very small deflections 
nnder the ordinary conditions of testing ; if, for instance, 
the insulation varies from fi,000 to 10,000 megohms per 
mile it may safely be assumed that there is nothing wrong; 
If, however, the majority of the coudnotors show an insula- 
tion of 500 to 700 megohms per mile, and about eight or 
ten eondnotors show a much lower insulation, ranging, say, 
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from 30 to 100, although the average for the whole cable ■ 
would be bat slightly lowered by these few weak ooiiduo- 
tors, Btill they woold indicate the ezistenoe of an incipient 
fanlt, which might in a short time develop sufficiently to 
serionsly affect the condition of the whole cable. The 
uniformity of the test ia therefore the heat indication of 
the soundness of a cable of the description we are 
discoBsiDg. 

In testing telephone cables for insulation all the conduc- 
tors, except the one being tested, must be grounded ; other- 
wise some of the conductors, those toward the centre of 
the cablft, will have the benefit of a greater thickness of 
insulation than the others. This is nsnally done by lacing a 
fine bare wire among the binding poats on the terminal 
head and connecting it to the iron box or to the lead pipe, 
sufficient slack being left in the wire for it to be palled 
clear of each binding post in saooession as the lead is 
connected. 

One minute's reading with the zinc current is taken on 
each conductor and the insulation is worked oat by the 
deflection obtained at the end of the minute, according to 
the method previously dcBcribed. In calculating the aver- 
age inau'alion of the cable, the deflections mast not be 
added up and averaged, and the average inaulation worked 
out by the average deflection ; the fairest method is to 
take the average of the inanlation resistance of all the 
conductora. 

To instance the different reanlta given by the two 
methods if the deflections are at all irregular, let us 
assume that we are testing a cahle 2,610 feet long. The 
constant of the galvanometer is found to be 30, 000 and the 
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, first five wires give deflectioDH after one minnte's eleotrifi- 
cation of 30, 60, 30, 10 and 30 respective);. The average 
defleotion would be 30, which would give an insnlation of 
1,000 megohmB abaolnte and 500 megohms per mile. 
Working out the deflections separately, however, we get a 
different result : 
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Thna it is obvious that unless the deflections are eiLtreme- 
ly regular throughout, the average insulation should not 
be determined by the average deflection, aa would readily 
occur to most, but by Bumming the insulation resistances 
of all the conductors and averaging. This woold be very 
laborious if every conductor gave a different deflection but 
it generally happens that the same deflection occurs fre- 
quently in a test on a hundred-conductor cable, which 
considerably lesseuB the labor of working out the test and 
obtaining the average insulation. 

In some oases it simplifies matters to work out results by 
Ic^arithms. As an example, suppose the cable being tested 
is 3,476 feet long, and that we are working with a constant 
of 43,fi00. The first deflection after one minute's electri- 
fication is S7 ; to find the insulation absolute and per mile 
of this wire we proceed as follows : 
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Log. 49,600=4.63888 
87 1.MB80 

8.0G018 = 1,148 mq;ohm8 absolate. 
Taming 8,47fi feet into deoimal parte of a mile we get 
.S58; the log. of this added to the log. of the absolute will 
^ve the insulation per mile, thus : 

Log. 1,146=8.06018 
" .6B8= ~1.8182a 

2.878U = 766 megohms per mile. 
When dealing with lai^ nambers it is no doubt more 
convenient to use logarithms, and, with one man to do the 
fignriog and another to look up the logarithms and num- 
bers, it IB certainly qoioker than working out by division 
and multiplication. It must always be remembered that 
in multiplying by Ic^arithms the logs, are added, and in 
dividing, sabtraoted. 
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Tkatinff for Insulation. — ( CoTttinued.) 

It is important in testing a cable containing a large 
number of conductors, that the end of the lead be veiy 
carefully handled by the attendant who makes the con- 
nections, as, if the extreme end is touched or held fre- 
qaently, the insulation is liable to become sticky and damp, 
causing an inoreaee of leakage which would naturally be put 
down to the account of the cable, unless the lead were 
tried at intervals dnring the test, and any change in its con- 
dition noted and allowed for. A great deal of time alaa 
is consomed in changing the connections, unscrewing re- 
fractory nuts, tightening them up on the lead, etc. To 
obviate these difficulties a connecting olamp for joining on 
the lead wire to the binding posts of underground cable 
terminals has been devised, and is found to answer the pur- 
pose well, time being saved in ebang^g connections, and 
the end of the lead being thoroughly protected. In Fig. 
31, an illustration is given of this olamp in use ; the olamp 
consists of a slit brass socket, the upper part of the socket 
being hinged and pressed towards the lower by a strong 
spring. The socket is attached to a hollow handle of hard 
rubber, and, the end of the lead being bent out straight, it 
ift inserted in the handle, the end of the wire finding its 
way into a hole in the base of the brass socket, where it is 
held by a screw. The upper part of the socket or clamp is 
opened by pressing on the lever, which is faced with hard 
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rubber, bo that the attendant who makes the connections 
has no excuse for teaching the lead at any nninsalated spot. 
Id order to change a oonnectioa it is only neoeesary to re- 
move the clamp from one binding-post to another^ the 
pressare of the clamp on the binding>post makes a per- 
fectly good connection, but the lead shoald be supported at 
a point near to the cable, or its weight hanging on the end 
of the connector will have suiBcient leverage to force the 
spring back slightly, causing the upper jaw of the clamp 
to bear on the edge of the binding-post. 

In testiog a telephone cable it is advisable always to try 
the lead for leakage at the end of the test, and also to 
check the galvanometer constant ; it is not nnasual in 
buildings where machinery is sometimes running and some- 
times stopped, for the sensitiveness of the galvanometer 
to vary, owing to the changed magnetic conditions. If the 
change is considerable and the deflections are regular, it 
will be noticed at once by the difference in the deflection ; 
if the deflections are irregnlar the change in the galraaom- 
eter will probably be noticed by alteration of the zero, 
the spot sometimes going off the scale with a mn without 
any apparent cause. After such an indication of altered 
magnetic surroundings a new constant should be taken at 
once. Such points as these, however, properly belong to 
each man's experience, and must be studied and provided 
for as they arise. 

In testing for insulation the greatest degree of accuracy 
will be obtained by getting as large a deflection as possible; 
in this way closer readings can be made, and electrification 
or irregularities are more apparent. If a cable will give a 
deflection of 800, do not ahnnt the galvanometer so as to 
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get a deflection of 30, uader the impresBion that closer 
readings can then he made, as this is hy no means the case. 
With short cables of high insulation it is necessary to em- 
ploy a very sensitive galvanometer and a large namber of 
cells in order to get a readable deflection, but if possible 
the battery should always be increased until a deflection is 
obtained that can be easily read, and that will allow of a 
cert^n fall due to electrification withont getting within a 
few divisions of the zero mark. 



Fig. 31.— CoNNECTiNO Clamp. 

It is erroneonely believed by some that the insulation of 
a wire or cable differs greatly with the tension of the cur- 
rent, testing or otherwise, and that a wire which gives a 
certain insulation when tested with 100 cells will give a 
much lower insulation when tested with, say, SOO cells, and 
that, consequently, tests should always be made with the 
same number of cells. This, however, is not the case, or 
at any rate it is held not to be the case by the best authori- 
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ties ; if the insalating material is sound tbe reaistance will 
be practically tbe same whether the test is made with 50, 
100, 500, or 1,000 TOlts. Of course with a greater b. m. f. 
there is a greater current &>w, and therefore the deflection 
will increase with the nnmber of cells. Conseqaently more 
battery power .may be added with a view to producing 
larger deflections without any fear of conflicting resnlts 
from tests made with a leaser or greater namber of cells. 

It must not be imagined from this, that a test with very 
small battery power is a good indication of the condition 
of a wire or cable. Quite the contrary, A wire may show 
a very good insulation when tested with five cells, although 
it may contain a fault, or more than one, which the applica- 
tion of, say, 100 cells would reveal very quickly. In the 
case of a weak or faulty wire, increased k. m. v., therefore, 
makes a difference, as there may be weak spots in the in- 
salating material which would stand a stress of 5 or 10 
volts, but which would give distinct indications of their 
presence under a stress of 100 volts, and would probably 
he broken down altogether by 500 volts. For this reason 
a test made with a battery of only a few cells is valueless, 
and equally for this reason it is now the custom in many 
factories to test cables intended for high-tension circnits 
with an s. h. f. somewhat greater than that which will be 
used on them in actual working. That they have stood this 
test once, however, is no indication that they will last good 
indefinitely and under all conditions, and such wires, whether 
overhead or underground, should be tested periodically and 
a close record kept of their insulation resistance ; in this 
way onlycan warning he obtained of impending trouble, and 
the economical stitch in time applied at the right moment. 
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Test for Capacity. 

The nanal method of measuring the indactive capacity of 
a wire or oable is to compare the charge it is capable of 
holding with the charge htid by a standard condenoer of 
known capacity, the same battery power being nsed for 
bo iJi operations. As already explained, an insulated wire 
or cable constitutes a condenser by itself, the wire being 
one plate and the outer covering or the earth the second 
with the dielectric for the separating medium. 

Insulated wires and cables have ahigh inductive capacity 
as compared with overhead wires, partly because the spe- 
cifio inductive capacity of the materials with which they 
are insulated is much higher than that of air, which forms 
the dielectric of an overhead line, and partly because they 
are laid on, or in, the earth, as the inductive capacity of a 
wire increases with its proximity to the earth. The induct- 
ive capacity of an overhead wire, strung at a height of 
about thirty feet above the ground, is more than twenty 
times lower than that of a heavily-insulated underground 
wire having a dielectric of rubber compound or gutta 
percha, and more than ten times lower than that of a con- 
ductor in an underground telephone cable having a dielec- 
tric of cotton and paraffin, or cotton and resinous compound. 

It is very important to obtain accurate measurements of 
the inductive capacity of conductors nsed for telegraphy 
and telephony, as this quality of the wire has a distinct 
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bearing on its nsefalness; in telephony this is more especial- 
ly the case, as every bnndredth of a microfarad per mile 
counts for a good deal in limiting the range of transmis- 
sion, especially where considerable lengths of cable are 
need in connection with long overhead lines. 




In Fig. 33 the connections for taking the discharge of 
the condenser are shown. The battery is connected to the 
lower contact of the discharge key, the condenser is con- 
nected to the lever of the key, and the galvanometer to 
the upper contact. The second pole of the battery and the 
other terminals of the galvanometer and oondenaer may 
either be all connected together, or put to earth. 

By pressing the lever of the discharge key down, the 
condenser is charged to the potential of the battery, and 
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hj letting it fly ap against the upper contact, the charge la 
released or oentralized and flows through the galvanometer, 
producing a sudden throw of the needle. This deflection 
should be noted ; it corresponds, iu a certain senee, with 
the galvanometer constant in the previous test. 

From five to ten cells should be used in taking the dis- 
charge of the condenser, and the capacity of the condenser 
should be arranged (see ante, Condensers) bo as to have 
about the same value as the capacity of the wire or cable 
about to be measured. If the capacity of the wire to be 
measured is very small, such as would be the case when 
measuring a short length of telephone cable, or an over- 
head wire only a few miles long, the capacity of the con- 
denser should be made small by connecting the sections in 
series, and the battery power should be increased so as to 
produce a large deflection. It is always best to get as large 
deflections aa possible, as closer readings can be made and 
the percentage of error is less. If a long cable is to be 
measured the capacity of the condenser should be about 
one-tenth or one-hundredth that of the cable, so that the 
deflection given by the discharge from the cable with the 
^th or ^th shunt in the galvanometer circuit shall be about 
the same as that given by the discharge from the condenser 
with no shunt. When possible, the use of shunts in 
capacity teste should be avoided, as a source of error is 
thereby introduced. There are instances, however, when 
it is necessary to take the discharge with the galvanometer 
shunted, as in the case of a long submarine cable. 

Fig. 33 shows the connections for taking the discharge 
of the cable. The cable is connected to the lever of the 
discharge key, the other connections remuning the same, 
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wiib the exception that here the second pole of the battery 
and the second terminal of the galvanometer must necea- 
sarily be connected to the earth. 

It is usual to charge the cable for 15 secondB by pressing 
the lever down on the lower contact and keeping it 
clamped there by means of the trigger, for that time. The 
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trigger is then pulled back, releasing the lever and allow- 
ing it to lly up to the apper contact, thereby discharging 
the cable through the galvanometer to earth. 

We will assume that the inductive capacity of a cable 
half a mile long is t« be measured. By means of the plugs 
a section of .1 microfarad of the condenaer is oonDccted to 
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the terminal blocke and the discharge taken vith five cells 
of battery in the maoner described. The deflection is 200 
divisioDB of the scale. The cable is connected to the dis- 
charge key, and a disebarge taken in the same manner. A 
deflection of 17fi diviaiouB is obtained. Now, the deflection 
of 300 was given by the discharge of a condenser of 
known capacity; therefore, if we divide the aecond deflec- 
tion by the first we shall obtain the capacity of the cable 
in terms of the capacity of the condenser : 

™ = .875. 

Therefore the oapaoity of the cable is ,873 of the capacity 
of the condenser. The capacity of the condenser, however, 
was only .1 of a microfarad ; therefore, to obtain the abso- 
late capacity of the cable in microfarads we mnst mnltiply 
the above resnlt by .1 : 

.875 X .1 = .0375. 
The absolute capacity of the cable then is .0875 microfarad. 
We always need to reduce our results to a definite unit 
of length and of course need to know the capacity per 
mile. We have already seen that the inaulation resistance 
decreases with the length of the cable and that the abso- 
lute iasnlatioQ must be multiplied by the length In order 
to arrive at the insniation per mile. With inductive 
capacity the reverse is, of course, the case, the capacity of 
a cable increasing with Its length. This ia obvious, if we' 
consider a cable as a form of coadenser. One mile of a 
cable has a certain capacity, then two miles of the same 
cable will have twice the capacity, five miles five times the 
capacity and so on. Therefore, to determine the oapaoity 
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per mile, the absolute capacity must be divided by the 
length. In this caee the absolute capacity is .0875 micro- 
farad and the length .S mile. 

■^^ = .175. 

.5 

Therefore, the inductive capacity per mile of the cable 
being measured, is .175 microfarad. 

The discharge from the condenser is often called the 
capacity constant, just as the oonetant of the galv&om- 
eter is often called the insulation constant. Keither ex- 
pression is correct, bnt if they are used it should always 
be remembered that in working out a test for capacity the 
operations performed in working out the insulation are 
exactly reversed. For insulation, the constant ifi divided by 
the cable deflection to obtain the absolute, and, to obtain 
the insulation per mile, the absolute is multiplied by the 
length. For capacity the cable deflection is divided by the 
" constant " to obtain the absolute capacity, and to arrive 
at the capacity per mile, the absolute is divided by the 
length. 

It must always be borne in mind that in dividing the 
discharge of the cable by the discharge of the condenser 
the result obtained is in terms of the capacity of the eon- 
denser employed. If a condenser of 1 microfarad capacity 
is used, the reenlt will be in microfarads, but if the capacity - 
of the condenser is j, yV c" tit "^ * microfarad the result 
must be divided by 3, 10, or 20, as the case may be, in 
order to determine the capacity of the wire or cable in 
microfarads. Supposing a condenser of ^ microfarad were 



DiqilizDdbyGoOgIC 



8S Tut for Capaeitn. 

iiBed and gave a dieoharge of 120, and the cable gave a 
diBoharge of 1 60 ; then the capacity of the cable would be 

15? + 3 = .4166 microfarada. 
130 

If the cable were 1.5 mile long, then the capacity per 

mile would be 

■115?. = .aVT microfarad, 
l.fi 
If we were to use a condenaer of .05 microfarad capacity, 
and obtained a discharge of 75, and from the cable one of 
100, then the absolute capacity of the cable would be 

1^ * 20 = .0666. 
76 

Supposing the cable to be S,166 ft. long, or .41 of a mile ; 
then the capacity per mile would be 

^^ = .1694 microfarad. 
.41 

When a number of wires are to be tested for capacity it 
ifl best to multiply the dieoharge from the condenser by 
the quotient of the value of the condenser, divided into 
one, which will give the discharge that would be obtained 
from a condenser of one microfarad capacity. Then divid- 
ing the discharges of the wires by this figure will give the 
absolute capacities directly in fractions of a microfarad. 

If the condenser is adjusted to a capacity of .06 mioro- 
. farad and gives a discharge of 7s, by multiplying this dis- 



charge by 20, l-^l< we obtain 1,500, which is the dis- 
charge that a condenser of 1 microfarad would give with 
the same conditions of battery-power and galvanometer. 
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Then by dividing the discharge deflections of the wires b;^ 
1,S00 we obtain their capacities in fractions of a miorofarad. 
This method of calculation will be found more convenient 
' than dividing in each case by the condenser discharge, and 
again by the capacity of the condenser. 

In averaging the capacities of a number of wires of the 
same length (sacb as the different conductors of a tele- 
phone cable) when the deflections vary, it is not necessary 
to work OQt each deflection separately and average the 
reanlta, aa was shown to be the case in averaging the insu- 
lation resistance of a number of wires. The average 
capacity can be worked oat from the average discharge 
deflection. The reason for this is simple and obvious. 
With the insolation test the constant is divided by the de- 
flections, and if these vary mnch, the average of the results 
of each deflection worked out separately will not agree 
with the result obtained by working ont the average of the 
deflections ; it is advisable therefore to take the average of 
the insulation resistances of the various wires in order to 
state the average insulation resistance of the cable. In 
the capacity test, however, we divide the deflections by 
the condenser discharge, and the divisor therefore remains 
invariable. It is obvious that the average will be the 
same, whether it is determined by averaging the capacities 
of the separate wires, or by avera^ng the deflections and 
working oat the mean deflection, 

A simple example will serve to make this clear. Having 
from a condenser of . I microfarad capacity obtained a dis- 
charge of SOO divisions, we take discharges on six wires in 
a cable, which give deflections of S40, 250, 2fi0, 260, 240 
and 260, respectively. Dividing by 2,000 we find their 
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respective oapaoities to be .13, .ISS, .125, .13, .12 and .IS 
microfarad. The average capaoity of the bU will be .125 
miorofarad. Kow samming the deflections we get 1,500, 
'which, divided by 6, the number of wires, ^ves a mean 
deflection of 250. Dividing this by the condenser discharge 
9,000 we obtain the same resolt, .125 microfarad, as the 
averse capaoity of the six wires. 

Id testing a telephone cable it is nsnal to test about 
twenty conductors for capacity; as the deflections will 
probably vary throughout by a few divisions, it is more 
convenient to obtain the average by working out the mean 
deflection, than by summing the capacities of the wires. 
When testing a telephone cable for capaoity, all the wires, 
except the one being tested, must be grounded. A test 
made with the cable not grounded would show a 
lower average capacity, owing to the greater thickness of 
insulation surrounding some of the wires. This would not 
be the capacity of the cable under working conditions and 
the test would be worthless as an indication of the quality 
of the cable. In this type of cable It is sometimes desir- 
able to test the capacity of a pair of wires, the ends being 
left disconnected at the farther terminal of the cable, 
and the end of the second wire joined to one pole of the 
battery and the galvanometer, the earth connections being 
removed. The capacity oT the loop will be one-half the 
capacity of one of the conductors, or one-quarter the 
capacity of the entire length of wire contained in the 
loop. 

In making^factory tests for capacity, when a long length 
of cable wound on a drum is to be tested, the sheathing of 
the cable should be grounded, the ground connection being 
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made with great care, in order to avoid indaotive action 
between the different turns. In testing single wire cables 
of considerable length for capacity, when the cable is 
coiled np, it is beet to connect both ends to the discharge 
key. In this way the time of charging is reduced and the 
chances of error, by reason of induction from one turn to 
another, will be lessened by partially getting rid of the 
electro-magnetic retardation of the coils. 

It is of the greatest importance in testing for capacity 
that the insulation of the instruments be practically per- 
fect, and this is especially important in measuring the 
capacity of loops (*'. e, "one wire gainst its mate"), 
becanse, as no earth connection is nsed, any leakage from 
the instruments will make the capacity measured appear 
higher than it really should be. 
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Thb priDCiple of the Wheatstone bridge for meumriDg 
the resistance of conductors has already been explained, 
but may be appropriately recapitulated here. It oonsista, 
briefly, in ofEering two paths for the battery current, one 
along the conductor to be meaaured, and the other by the 
variable resistanoe ; by connecting tvo points in these 
separate paths through a galvanometer or other inBtmment 
(snch as a telephone) capable of indicating the existence 
of a difference of potential between the two points, the 
variable resistance can be intelligently manipulated until 
equal potential at the two points is reached ; the resistances 
of the two paths open to the current are then equal, and 
the resistance of the conductor can be read by the value 
of the variable resistance in circuit. In referring to the 
schematic diagram given in the introductory chap- 
ter, the analogy employed was that of an ordinary balance, 
the arms of the bridge being the beam, the adjustable 
resistance the weights, and the galvanometer the pointer. 
This was assuming the arms of the bridge to be of equal 
value, as the two halves of the beam always are. But the 
bridge has a far wider range of measurement than this, 
which would limit our measurements to the total value of 
the resistanoe coils. Pursuing the analogy of the balance, 
the arms of the bridge, bemg adjustable, constitute a sort 
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of reversible steel- yard, and by alteriDg tbeir ratio we can 
make onr weights a thonsand times heavier than they are 
by themselves, or a thonsand times lighter, enabling ns to 
weigh accurately with the same set of weights, either very 
heavy or very light bodies, or in other words, to measure 
very high or very low resistanoes. This property alone is 
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Bttfficient to stamp the Wheatstone bridge as the most 
beautifnl measnring instrument known to science. 

As already described, the arms of the bridge each con- 
tain three coils having resistances of 10, 100, and 1,000 
ohms respectively; some bridges have two additional coils 
of 10,000 ohms each, and bridges are occasionally made 
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with five ooilg id each arm, the lowest of one ohm, and the 
highest of 10,000 ohmB reBistsnoe. 

If we deslTe to measure a resistance with an aconrao; of 
one ohm only, the ratio of the arms most be eqnal, that is, 
two coils of equal value most be unplugged. In any oaBe, 
two of the proportional ooila must be unplugged when 
n[iaking measurements with the bridge, or the galvanometer 
will be short-oircuited and no readings obtained. 

If a small resistance is to be measured and the result is 
required to fractions of an ohm, the resistance in the arm 
nearest the coils must be made larger than the resistance 
in the arm to which the unknown resistance is connected. 
Thns, if we unplug 100 in the b arm (the left in the Post- 
ofEce bridge and the right in the dial pattern) and 10 in 
the A, the current strength in the variable resistance will be 
one tenth of that in the unknown, and the value unplugged 
in the variable resistance will be ten times greater than the 
unknown resistance. When balance is obtained, the re- 
sistance nnplugged, divided by ten, will give the resistance 
of the conductor being measured. 

It is plain, therefore, that, as we can make the ratio 
either way, 10 to 100, 10 to 1,000 or (with the dial 
bridge) 10 to 10,000, we can give to each ohm in the van- 
able resistance a value of yh, ^^^ or ystts °^ ^^ ohm, or a 
value of 10, 100 or 1,000 ohms, according to whether we 
are measuring low or high resistances. 

A simple rule to remember, calling the arm nearest the 
coils i, and the arm to which the conductor to be measured 
is attached a, is : When measuring low resistances make 
b higher than a, and when measuring high resistances 
make a higher than b. In the Post-office bridge £ is on the 
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left when the keys are nearest to the manipulator ; in the 
dial bridge the ratio coils are placed in front of the dials 
and & is to the right. Fig. 34 shows the oonneotions for 
measuring oondnotor resistance with the Post-offioe bridge, 
and Fig. BG with the dial bri^e. In these digrams it is 




Resistaiick bt Dial BnipaB. 
1 that only one end of the conductor is available for 
conneotion to the instmments, the other being put to earth. 
Id this case the end of the variable resistance, i. e., the 
bridge coils, and one pole of tlio battery are also put to 
earth. The general similarity between these diagrams and 
that shown in Fig. 7, is easily apparent. 
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If both «ndB of tbe conductor to be measured are avail- 
able, the aeoond end is oonDected to the terminal of the 
coils, the second pole of the battery also being joined to 
the same point. As these three oonnections vere all to 
earth in the previous case, it is obvious that joining them 
together in no way alters the flow of current in the system. 
When meaenring the resistance of a loop in this manner 
with both enda connected to the bridge, it Is best to dis- 
connect the earth wire entirely, as otherwise some difficulty 
will probably be found in obtaining a balance. For this 
reason, if the terminal plate for earth connections is used, it 
is best to have it made bo that the earth terminal may be 
cut off from the rest by means of a plug, as previously 



It will be noticed that the adjustable coils are joined to 
the ratio coils by two brass blocks, between which a plug 
is inserted. This plug, which is termed the " infinity " 
plug, should always be in place when the bridge is being 
used for measuring resistances, otherwise the coils are dia- 
conneeted and the resistance is of course infinite. If it is 
desirable to use the coils merely as a resistance, snch as for 
making a shunt, the removal of the infinity plug serves to 
disconnect them from the ratio coils. 

I In tbe dial bridge there is a pair of blocks with a connect- 
ing plug at the end of each set of ratio coils. The plug 
to the right is the infinity plug and should be in place ; 
that to tbe left should be removed when measurements are 
being made, or the conductor being tested will be short- 
circuited and balance made impossible. As a matter of 
fact, the coils being between the two terminals at the ex- 
treme ends of the brass blocks, either plug could be used 
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88 the infinity plug, provided that the unknown resiBtance 
were connected at the opposite end of the instmment, bat 
it will be fonnd more convenient in practice to keep to one 
method of connecting np. 

The battery power employed for resistance tests need 
not be high nnless the length of wire to be tested, and 
conseqoently its resistance, be very great. For ordinary 
measurements five cells of battery are ample. 

The oonneotions being made as indicated, the ratio coils 
should be adjusted according to whether the resistance to 
be measured be high or low, and the coils shonld be un- 
plugged BO as to throw in circuit an amount of resistance 
approximately equal to the unknown resistance. The gal- 
vanometer should be shunted with the ^ or ^ shunt to 
prevent violent throws of the needle if the balanoe is very 
nneren at first. Assuming that we are working with the 
Post Office bri^e, the battery key should now be depressed 
and the galvanometer key tapped lightly, and the direction 
of the deflection observed. It will depend npon the bat- 
tery and galvanometer connections whether a movement of 
the spot to the left indicate too high or too low resistance 
in the coils, but this can readily be asoert^ned by varying 
the resistance considerably and noting the result If the 
movement be at first to the left and the addition of a num- 
ber of ohms result in a deflection to the right of the zero, 
then to the left means not enough resistance in the coils, 
and to the right, too much. These indications will, of 
course, have opposite meanings when the battery is re- 
versed. It is usual to put the zinc or n^ative pole to line, 
but in testing a wire of any length with one end to earth 
it is neeessary to take a number of readings with both our- 
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rents, the mean of all the readings being taken as the resist- 
anoe of the line. This method is required on account of 
the earth currenta which ooonr in long lines oonneoted to 
the earth, and which modify the apparent resistanoe of the 
wire whan measured wiih different poles of the battery to 
line. In ^ long Bubmarine cable having a total resistance 
of several thousand ohms, the difference between the re- 
BiBtaace measured by the sine current and the resistanoe 
measured by the copper cnrrent will be sometimes as mnoh 
as one thousand ohms, but the mean of a number of read- 
ings made with each pole to line alternately, will pve the 
eorreot resistance of the cable. 

The battery key being held down and the galvanometer 
key tapped from time to time to ascertala whether to in- 
crease or diminish the adjustable resistance in clrentt, the 
adjustment can rapidly be made by manipulating the 
plugs until the spot renuuns on the zero of the scale. When 
balance is nearly effected, the shunt should be decreased, 
and finally removed altogether, so as to obtain the maximum 
sensitivenesB of the galvanometer in arriving at the final 
balance. 

As a general rule in measuring the resistance of land 
lines, whether overhead or nndergronnd, the distant ends 
of two wires are joined together and the resistanoe of the 
loop ie taken. The resistanoe of each wire is then half the 
resistaDoe of the loop. This, of course, is only permissible 
when the two wires are of equal length and of the same 
diameter. 

If the oondttotors to be measured are connected to the 
instruments by long leads, the resistance of the leads should 
be measured, their ends being oonneoted together and the 
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test made in the manner deeoribed above. The resistance 
of the leads mdst be deducted from the observed resist- 
ance of the wire or cable being tested. 

In measaring the resistance of a long line where only one 
end is available, the distant end being pnt to earth, several 
readings should be made with each pole of the battery to 
line ; the mean of the several readings will give the actual 
resistance of the wire. In measuring the resistance of a 
loop or metallic circuit, a single reading with either pole 
of the battery will be sufficient; no connection being made 
with the earth, there is no chance for earth currents to affect 
the readings. 

By referring to Fig. 86 (see p. 19B), it will be seen that the 
dial bridge, besides having the advantage of a greaterrange 
of resistance, is somewhat more convenient to ose (where 
the instraments are permanently set up) than the Post 
Office pattern, although the latter has no equal as fiv as 
portability and compactness are concerned. With the dial 
bridge the ordinary battery key is used, and the battery can 
be turned on and kept on without the necessity of holding 
down a spring key, and the battery can be reversed when 
requisite without any trouble. The wires from the ends of 
the proportional coils are connected to the short circuit key 
of the regular set of instruments, and by means of this 
the galvanometer is opened and closed for observing the 
progress toward effecting a balance. There are fewer plugs 
to manipulate, and the amount of resistance can be read 
directly from the dials. This renders work somewhat 
quicker than with the Post Office bridge. A very quick 
acting dial bridge is made by having a revolving arm piv- 
otted to the block in the centre of the dial, the under sor- 
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f aoe of the arm makmg a, rubbing cont&ot on tbe sectional 
blocks. In this way plugs are dispensed witb altogether 
and meaanremenlB can be made witb great rapidity owing 
to the extreme ease with which the adjustment can be 
made. Such an arrangement, however, is open to the ob- 
jection that resistance might be introduced at the ooataots 
owing to wear at the bearing of the revolving arm, and in- 
sufficient pressure between the lower surface of the arm and 
the blocks. The possible error from these causes, if the 
inatrumeut Is thoroughly well made, should be very small, 
and where very great accuracy is not absolutely essential, a 
bridge of this type would no doubt meet with much favor, 
owing to the saving of time effected by its ose. 

The operation of meaanring the resistanoe of a conductor 
is a very simple one, and a practical example will suffice to 
expl^n the method of proceeding. We will assume that 
the resistance of a wire five miles long is to be measured. 
If the end of the wire is directly available it is connected 
to the bridge at the end of the proportional arm, or, if a 
lead is used the resistance of the lead is taken first. The 
lead is found to measure .3ft of an ohm. The wire is then 
connected and a certain amount of resistance is unplugged 
in the coils, approximately eqnal to what we believe the re- 
sistance of the wire to be. This resistance being a com- 
paratively low one, tbe proportional coils are unplugged in 
the ratio of 10 to 100, 10 in the arm next the cable and 100 
in the arm next to the adjnstable coils. In this way the 
resistance in the ooils will be ten times that of the cable, 
and we can make the measurement with greater aocuraoy, 
Tbe galvanometer should be shunted, as probably the first 
trial will not nearly give balance and there will be a rush 
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of cnrreDt throagh the gslvanometer causing a violeat de- 
fleolion when the short-oiroait key is opened. The key 
should be lightly tapped, and not held down nntil balance 
18 nearly obtained. Having plugged 1,600 ohms in the ad- 
juBtable ooils, wo find on tapping the short-circuit key that 
this is not enough, and more resistance is added until the 
deflection is lessened and finally commences to rise on the 
opposite side of the scale. As we approach a balance the 
shunt is removed, giving the maximum sensitiveness of the 
galvanometer. When the deflection begins to be on the 
opposite side of the scale the resistance in the ooils is 
slightly decreased and balance is obtained, i. e., the spot 
remains on the zero mark, with the short-circuit key held 
open, with 1, T4B ohms resistance in the coils. The resistance 
of our cable is therefore 174.6 ohms; subtracting .38 ohm, 
the resistance of the lead, we get 174.14, and, dividing by 
five, we find that the conductor has a resistance per mile of 
34,828 ohms. 

When possible, as in measuring the resistanoe of wires 
in cables containing a number of condactors, it is better to 
join a pair of wires together at the distant end and take 
the resistance of the loop. The two ends are connected 
to the bridge, and the two battery wires also, all gronnd 
connections being dispensed with. The figures obtained 
mnst, of course, be haired to jpve the resistanoe of a single 
oonduotor. 
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Connections of Permanent Set of Tsatmff Jngtrum^its. 

Ik Fig. 38 is ahovn a diagram of a complete lay-out of 
testing instrumentB for nae in the testing room of a wire 
factory, eleo trio -light, telephone or telegraph oentral sta- 
tion. The inetraments required have already been fully 
described, and in describing the lay-out and comieotions it 
is only necessary to briefly enumerate them onoe more, as 
follows : 

Astatic reflecting galvanometer with box of shunts, lamp 
stand and scale. 

Galvanometer reverser. 

Short circnit key. 

Discharge key. 

Battery reversing key. 

Wheatatone bridge (for" permanent nse, preferably of 
the dial pattern). 

High resistance box, 100,000 ohms or one megohm. 

Adjustable condenser. 

100 cell testing battery. 

Set of insnlated doable binding posts for attaching 
leads running to factory or cable terminals. 

Set of single binding posts on brass plate for earth 



In the diagram all the«e inetraments are shown, with the 
exception of the galvanometer and battery ; their po- 



DiqilizDdbyGoOgle 



....Xoosfi 



«SJ/ 



DiqilizDdbyGoOgle 



Connections of Permanent Set of Testing Inatrumentt. 97 

sitionB, however, are sufficiently well indicated by the leads 
from the ehunt and battery reversing key. The omission 
of the galvanometer and battery allows of greater oleamess 
and compaotnesB in the diagram. The diagram shows 
the most convenient method of placing and oonneeting the 
instraments on the table ; the galvanometer would be Bet 
upon a shelf removed a short distance from the table and 
the battery on another shelf, either behind the table, at 
the side of the manipulator, or underneath. 

Starting from the right hand lower comer of the table, 
we find the set of insulated doable binding posts on which 
the leads running to the cables are terminated. Immedi- 
ately above this is placed the brass plate with a number of 
single binding posts ; this plate serves for connecting the 
instruments together or connecting them to earth, a stont 
wire being ran from the end post to a good earth. The 
improved form of plate is shown with the end post divided 
from the rest of the plate, so that the ground can be taken 
off by removing a ping. This arrangement is useful 
when testing a looped wire for copper resistance, as the 
presence of a ground will often prevent a balance being 
obtained. 

Above the earth plate is placed the lamp stand, from 
whioh projects a wooden channel diret^ing the light to the 
mirror at the back of the scale, by which it is refleoted to 
the galvanometer. The scale is of the ground-glass pat- 
tern previously described. Neit to the set of insulated 
binding posts is the battery reversing key, of the Rymer- 
Jones pattern. One pole of the battery is connected to 
each of the orescent-shaped contact pieces at either end of 
the key ; the right hand lever is connected to earth by a 
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wire rnn to tlie earth plate. Near the left hand tever two 
wires are terminated, being attached to the table and 
spiralled bo that either can readily be oonneoted to the 
binding post on the left hand lever. One of these wires 
goes directly to the centre binding post of the bridge ; the 
other is terminated between the abort ciroait and discharge 
key, and spiralled so that it can be oonneoted to either key 
— to tbe short ciroait ia taking the galvanometer constant, 
OF in testing for insolation ; and to the discharge key for 
capacity tests. So muoh for the battery connections. 

Neit to the battery key is placed the discharge key, and 
next to this the short cironit key. The short cironit key is 
permanently connected to the galvanometer reverser by 
two wires, and a short wire is run from one post of the 
abort oiroait key to the upper contact of the discharge key. 
At the back of tbe discharge key is terminated a wire 
from the condenser, which can be connected to the lever of 
tbe key for taking tbe discharge of the standard condenser. 
In the same manner a wire from the high resistanoe is ter- 
minated near the short oironit key, available for being con- 
nected to the binding post of the key opposite to that to 
which the wire from the battery key is attaohed. A short 
wire led from the iosnlaied binding posts to a point between 
the short circnlt and the disobarge key serves for connect- 
ing any of tbe leads to either key for insulation and 
capaoity teats. 

The bridge is placed at the extreme left of the table ; 
above it and at the rear of the table is the multiple -series 
adjustable condenser, and in the angle between the two tbe 
high resistance box used for taking the galvanometer 
oonatant. 
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We have already seen that one wire runs direct from 
the battery key to the centre binding post of the bridge, 
aootfaer vire from tbe discharge key to the condenser, and 
Btill another from the short circuit key to the high resist- 
ance ; the other oonneoUoDH of these instmmente are as 
follows : From the extremities of the bridge arms two 
wires are led to the galvanometer reverser, and spiralled 
so as to be readily attached to opposite segments of the re- 
verser. It wonld be the same thing to take these wires to the 
short oircuit key ; bat as this wonld overcrowd tbe wires 
in that neighborhood, it is more convenient to take them 
to tbe reverser. 

To oonneot the naknown resistaDOO to the bridge, two 
wires are led from the binding posts on the brass blocks at 
tbe left of the bridge ; the infinity ping being out, one 
of these posts constitutes the extremity of one of tbe pro- 
portional arms, the other the eztreouty of tbe adjustable 
reustance coils. The two wires are preferably taken to 
the extreme right hand corner of the table and terminated 
and spiralled there, ready to be connected to a pair of tbe 
leads attached to the insulated binding posts. For greater 
clearness they are shown in the diagram just to the right of 
the bridge at x, as if for connection to a coil whose resist- 
ance is to be measured. The remaining connection of the 
bridge is from the end of the adjustable coils to earth or 
to the second pole of the battery ; the condenser and high 
resistance also require to be connected in tbe same manner ; 
and to simplify the wiring, a wire is run from one of the 
binding posts of the high resistanoe to the earth plate. 
The extremity of the bridge coils is connected to the 
"earth" block of the condenser, and this, in tarn, is con- 
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nected to the bigh resiBtanoe by another abort piece of 
wire. In tbie manoer the retain circuit of tbe bridge, 
ooDdenaer^ and bigh reeifltanoe, is effooted witb tbe greateat 
economy of wiring and connections. 

Tbe usefalneea of the eartfa plate bero sbows to advan- 
tage ; one lever of the battery key being permanently oon- 
neoted to it, tbe connections to one side of tbe other inatru- 
menta can also be made permanent, and the plate serves 
both as a junction for tbe bridge, condenser, bigb -resistance 
and battery wires, and as a handy eonneotioa to earth 
whenever snch a connection is required. 

The galvanometer revereer is permanently connected to 
the about, and tbe shnnt to the galvanometer. The position 
of tbe sbnnt is a trifle inconvenient, bnt it is best placed aa 
near as possible to tbe galvanometer, or error may be in- 
troduced by tbe resiHtance of the leads between tbe sbnnt 
and the galvanometer. In any case, very thick leads 
should be osed for this purpose. 

Tbe lay out of instmmentB and connections described 
above will be found very convenient for arranging a set of 
iuBtruments for permanent use in one place. A Uble four 
feet by three aooommodates tbe entire set, as shown in tbe 
diagram, a clear space being left between the abort circnit 
key and the brii^e, for pladng tbe note book or test- 
blanks. 

Tbe diagram abows the instruments connected for meas- 
uring conductor reaistance ; aa will readily be seen, tbe al- 
terations to be made, in order to connect tbe instruments 
for any of tbe other testa, are very simple. To take tbe 
galvanometer constant the bridge wires are. removed from 
tbe galvanometer reveraer, and tbe bridge battery wire 
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from the battery key. The short wire a b is then oon- 
neoted to the battery key and to the rear terminal of the 
short circail key, the vire from the high resistance being 
attached to the front binding post of the short oironit key. 
The connections for taking the constant are then complete ; 
the only change required to connect for insolation is to 
sabstitute, on the front binding post of the short cironit 
key, the short wire running to the leads for the wire con- 
nected to the high resistance. 

To connect for taking the dischai^e of the condenser, 
the B end of the wire a b is removed from the short oir- 
cait key to the underneath contact of the discbarge key, 
and the condenser wire is connected to the lever of the 
key. The short circuit key is held open by the catch, 
thus insulating the front contact, and the short wire which 
joins the two keys then serves to connect the upper con- 
tact of the discharge key with one wire of the galvanom- 
eter. The other side of the galvanometer must, of course, 
be connected to the earth plate, and this is done by run- 
ning a temporary wire from one segment of the galvanom- 
eter revorser to the high resistance, which, as previously 
shown, is permanently connected to the earth plate. This 
completes the connections for capacity, and to take the dis- 
charge of the cable merely requires the connection of the 
piece of wire joining the lead to the rear binding post of 
the discharge key, in place of the condenser wire. With 
the instroments and connections laid out in the manner 
shown and described, the changes from one test to another 
can be made very quickly and withoat any confusion. 
Most of the wires are fastened to the table, but some, such 
as the wire from the discharge key to the condenser, and 
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those from the bridge to the oondenser, battery and leads, 
can be carried anderneath the table, or under the projecting 
ledge*. 
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General .Remarks. 

In working with portable sets the following simple rules 
for connecting up will be foond of use : 

Galvanometer Constant : — Connect one pole of battery 
to galvanometer, eeooiid pole of battery to bigh resistanoe, 
second terminal of galvanometer to second terminal of 
bigh resistance ; shnnt and short oircait key to be bridged 
across galvanometer circuit. 

Insulation: — Connect one pole of battery to galva- 
nometer and the other to earth; join the cable tosecond ter. 
minal of galvanometer ; shnnt and short circuit key as 
before. 

Condenser JMscharge • — Connect " earth " block of con- 
denser, one terminal of galvanometer and one pole of 
battery together ; front block of condenser to lever of dis- 
charge key, second terminal of galvanometer to upper 
contact, and second pole of battery to lower contact of 
discharge key. 

Capacity of C<^le: — Connect one pole of battery and 
one terminal of galvanometer to earth, substitute the cable 
or lead for condenser at lever of discharge key ; other 
connections the same as in taking discharge of condenser. 

Conductor Resistance: — If cable to be measured is 
single and grounded at distant end, connect as follows : 
Join one pole of battery to centre of proportional arms of 
bridge and other pole to earth. Connect cable to extremity 
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of left band proportional arm, and extremity of adjustable 
ooils to eartb. One terminal of galvanometer is oonneoted 
to extremity of each proportional arm. 

If the cable to be meaenred ie doable and looped at the 
distant end, the only diSerenoe in the connections will be 
to join second cable-end and second pole of battery to ex- 
tremity of adjustable resistance coils, removing the earth 
connection at this point. 

In setting np the instruments the first operation will 
always be to connect the shunt to the galvanometer, and 
the short circnit key to the shunt ; when this is done the 
terminals of the short circnit key correspond practically to 
the terminals of the galvanometer; therefore all galva- 
nometer connections are most conveniently made direct to 
the short-oironit key. When a galvanometer reverser is 
used it is best placed between the shunt and short oironit 
key. 

CABB OF INSTBUUENTB AUD CONlfBOTIONB, 

In connecting up inatrnments either for temporary or 
permanent nse, trim the ends of all wires oarefally, taper- 
ing the insulation back from the bared portion of the wire, 
so as to leave no loose shreds of insolation or braiding to 
make contact with binding poets or other parts of instru- 
ments and thus give rise to snrfaoe leakage. Always bend 
wires around binding posts from left to right, so that when 
the nut is screwed down it will tend to grip the wire firmly 
and not to loosen it or push it back, as would be the case 
were the wire bent round from right to left. This point 
is one of special importance when dealing with stranded 
wire. 
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Keep the hard rnbher i)illar8, bases and tops of keys and 
Other instruments thoroughly dry and clean. It is very 
difficult to prevent dnst from lodging on the instmnientA, 
ae some of the parts are very difficult to get at, bnt a little 
oarefnl attention every day with a camel's hair brush and a 
piece of chamois leather will go a long way toward keep- 
ing the inatrnraent^ in good condition and always looking 
olean and bright. When not in use the instruments should 
always be properly covered up. If work is being done 
every day it is better to dust twioe a day — in the morning 
before beginning work and in the evening before covering 
np. In any case the morning inspection and dusting 
should never be omitted. 

When the instruments are not in use, all plugs should he 
kept in position to prevent dust from being deposited in 
the sockets; dirty plugs and sockets introduce extra re- 
aistanoe. The plugs should be cleaned occasionally with 
very fine emery paper. The sockets should also be cleaned 
from time to time in the same manner. This can be done 
by means of a small wooden plug of a size to fit loosely in 
the socket ; by slitting the plug part of the way np, the 
edge of a strip of emery paper can be held in the ping and 
the strip wound round it. With this the sockets in the' 
brass blocks can be thoroughly cleaned. If the pings and 
sockets are kept clean there will be no danger of introduc- 
ing extra resiatanoe from bad contacts and accurate meas- 
nrements can be depended upon. The platinum oontaots 
of the keys should be cleaned occasionally by rubbing with 
a piece of ordinary unglazed writing paper, or, if they 
have become very dirty, with very fine emery paper. Keys 
with rubbing contacts will seldom need this attention, as the 
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contactfl are kept clean hj the friction of the two surfaoea. 
When ordering keys it Bhoold be ineisted that all the fixed 
parts of braes be eecared to the hard rubber piUaiB by 
means of steady-pins. If the steady-pins are omitted, the 
levers, contact plates and bridges will soon work: loose and 
shift round — a very annoying and troublesome defect. 

The bases of keys and other light instniments are gen- 
erally drilled at the comers so that they may be screwed 
down to the table. A better plan, which will insure more 
thorough insulation, can be adopted if the instraments are 
to be nsed permanently in one place. This 1b to have the 
bases made solid, i. e., without holes, and to stick the keys 
to the table vitb Chatterton's compound, or some similar 
elastic glue. In damp places the insulation of the instru- 
ments can be improved by covering the table with a sheet 
of gutta peroha before setting up the instruments. 
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Becorda and Shorts of Tutt. 

In keeping records and making reports of tests for fn- 
tnre reference, or forthe information of others, oare should 
be taken to make the information recorded as fall as pos- 
sihle, BO that all the data that can possibly be required at 
any future time may be alwsiya accessible. In making re- 
ports or entering up records of tests there can be no greater 
error on the part of the observer than to imagine, beoanse 
certain data are quite well known to him, that there is no 
necessity to write them dovn, as he can always remember 
all about the matter himself. The object of keeping re- 
cords and OLaking reports is to furnish other persons with 
full information on the subject ; and the records should be 
BO written up that anyone needing to refer to them five, 
ten or twenty years after, might be able to readily ascer- 
tain the whole history of any cable tested, the oonditions 
under whioh the test was made, and, if he found It desir' 
able 80 to do, to check the figures and work out the tesi 
for himself. 

This can only be made possible by inserting in the 
oords all the details of the oonstmction of the cable, such 
as size of the condnotor, style and thiokness or weight 
per mile of insulation, length of cable, etc., and all the 
figures referring to the test, such as battery power, resist- 
ance and shunt used in taking the galvanometer constant, 
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battery power and shunt nsed in taking iDsnlation teat, 
leakage from lead, reaistaooe and capacity of lead, capacity 
of condenser . and battery power osed in taking discharge 
from standard oondeDset. The state of the weather and 
the temperature should also be noted. When these data 
are all correctly given, a record of a test has permanent 
value ; when they are omitted or given incorrectly, or in 
such form as to leave room for doubt aa to their exaot 
meaning, the record is almost useless for reference, as little 
dependence can be placed on a " bald and unoonvisoing 
tale " in which results only are given. 

Another bad practice in writing up records, almost as 
reprehensible as that of suppressing information, is that of 
using abbreviations which are understood only by the in- 
ventor or abbreviator. All remarks should be written in 
plain English, and, where abbreviations are used, they shonld 
be only such as are customary and " to be onderstaoded of 
the common people." 

In making a report of a new type of cable it is necessary 
to enter more into detail than in reporting the test of a 
cable of well-known and frequently used description, par- 
ticularly if the new cable is supposed to embody any 
special advances over previous methods, or if valuable ad- 
vantages are expected to be derived from its adoption. In 
such a case it is necessary, besides giyiug a full report of 
the electrical tests, to make a detailed description of the 
mechanical construction of the cable, specifying the num- 
ber, size and weight per mile of oonductors ; the nature of 
the insulating material, and the thickness and weight per 
mile on each conductor ; the method of laying-np the con- 
ductors ; style and amount of material used for outer pro- 
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teotion ; weight of complete cable per foot or mile, etc. 
Reports of this kind wiU, of course, vary in each case, 
but the point ia that it should always be borne in mind that 
an electrical test alone does not give snffioient data on 
which to base an opinion of the merits of a new type of 
cable. 

When the report deals only with a test on a cable of 
standard type, there is no necessity to enter all the me- 
chanical details ; it will be well to consider, however, the 
entries which should always be made, and these will serve 
as a guide for drafting forms for teat blanks and record 
books. 

Topographical Data : — Name or number of cable, loca- 
tion of terminals, and length of cable. 

Meehanical Data . — Type of cable, manufaoturer'B name, 
number of conductors, size of conductors, thickness of 
insulation, description of insulating material, description 
and thickneHs or weight af outer covering. In some cases 
the name of the cable, if some conventional trade name is 
ased, will be sufficient to indicate by whom the cable is 
manufactured, and also its general mechanical construction, 
as such cables are generally made to a standard specifica- 
tion which ia only departed fi'om when improved methods 
of manufacture render it necessary or advisable to amend 
the specifications. 

Eleetrical Data : — Galvanometer constant, stating bat- 
tery power, shunt and resistance used and deflection 
obtained. Leakage from lead taken with fait battery. 
Discharge from lead taken with same number of cells as 
used in capacity test. Resistance of lead. Discharge 
from standard condenser, stating battery power, capacity 
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of oondenaer used and deflection obtaioed. Deflection for 
insalation on each oondnotor and insolation reaistanoe, 
absolnte and per mile. Discharge deflection on each con- 
daotor and capacity, absulate and ptr mile. Resistance of 
each coodnotor (or loop) with lead, absolute reaiflt&noe 
(lead deducted) and resistance per mile. 

General Bemarkt : — Make note of any condaoton open 
or gronnded, number of working wires in cable, or any- 
thing in the condition of the cable likely to affect the test, 
yote the condition of the weather and the temperature of 
the w, and of the hydrant water if the cable ia laidunder- 
groond or of the tank water if the test is made in the 
factory. Ifote the date of the test and name of the person 
who makes it. 

It is useful in the case of a cable containing a number of 
conductors to add a summary giving the average insula- 
tion reeistanofl, capacity and conductor resistance of all the 
wires tested, and the highest and lowest results in each 
test. This shows at a glance the general condition of the 
cable. 

In preparing a test sheet for filling in the above informa- 
tion, the heading should contain the spaces for the 
description of the cable, route, location of terminals, length, 
mechanical details, etc Immediately below should be the 
spaces for galvanometer constant and condenser discharge, 
and particulars of the lead, t. e., its leakage discharge and 
resistance. The rest of the sheet should be ruled in vertical 
columns for insulation resistance, inductive capacity and 
conductor resistance, a column being made for the conduc- 
tor number, another for the deflection or reading, a third 
for the absolute, and a fourth for the per mile. At the 
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bottom of the sheet spaces may be ruled for the Bammarf 
of average reealta, general remarks, date and veatfaer, and 
Dame of observer. 

The aocompanying forms show, first, a full test-sheet for 
recording the test on a telephone cable, containing fifty- 
one pairs of ^res, that being the type of cable generally 
adopted by telephone companies nsing ondergroiind sys- 
tems ; and second, a summary of the test for f nmishing a 

• SUMMARY OF CABLE REPORT 




report to the executive department on the general condi- 
tion of a cable. (Figs. 37 and 38 ) 

In the heading of the test-sheet are left spaces for the 
namber, description, route and length of the cable. Be- 
low this are entered the galvanometer constant and dis- 
charge from standard condenser, spaces being left to fill 
in the number of cells, high resistance and shunt used and 
the capacity of condenser and battery power employed la 
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taking the disofaai^e. The particulars of the lead are noted 
here, and in oases where a long lead is ased, it woald be 
usefnl to enter the discharge from the lead before connect- 
ing on the cable for capacity test. The rest of the sheet 
explains itself, the vertioal columns being mled for enter- 
ing the readings in each test and the restilts, absolute and 
per mile, in megohms, microfarads and ohms. The sum- 
mary at the bottom of the sheet is a useful addition, as it 
shows at a glance the general oopditicn of the oable. The 
figures entered in the snmmary are transferred to the sec- 
ond form, " summary of cable report," when it is necessary 
to report a test to some department other than that in 
which the full records are kept. The permanent record 
book is ruled in an almost precisely similar manner to the 
test-sheet used for noting down the observations at the 
time tbe test is made, with the exception that the summary 
is transferred to the beading. 

In designing test-sheets for use in cable factories, or for 
testing single wires, such aa electric light cables or over- 
head wires, the sheet can, of course, be made much smaller, 
but it will be found a good plan to use a heading, similar 
to that described above, giving all the details of tbe cable 
itself and of the constants used in working out tbe test, 
otherwise the records will be incomplete and ansalisf octory. 
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connections, 63 
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portable, 60 
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average, 88 
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Condeneeni, adjustable, 48 
in multiple, 44 
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laws of, 43 

Conductor resiBtance, 7, 86 
Connecting clamp for lead, 73 
Connecting wires, 104 
Connections, battery, 53 

coils of galvanometer, IS 
for capacity, 79 

condenser discharge, 77 
for conductor resistance, 
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permanent set, 97 

of dial bridge, 36 

of P.-O. bridge, 38 
Constancy of testing baiteiy, S3 
Constant of galvanometer, 67, 73 
Constants, 81 
Construction of keys, 106 
Dead-beat galvanometer. 16 
Defective insulation, 63, 69, 75 
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connections of, 89, 90 
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key, 27 
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Webb's, 38 
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Electrification, 63 
Electrostatic capacity, 5 
Factory tests, 68, 87, 84 
for capacity, 84 

lest records, 113 
Farad, 42 

Fibrous insulation, 67 
FurmultE for shunts, 20 
Galvanometers. 9 

astatic, 10, 16, 16, 40 

portable, 18 

setting up of, 18 
Galvanometer constant, S 4, C 
78 
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scale, 13 

spot of light, 19 
General remarks, 103 
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High resistance, 34 

new form, 85 
Homogeneous insulation, 67 
Infinity plug. 91 
Insulated binding-posts, 58 
Insulation, 2, 60, 74, 106 

absolute, 65, 70 

average, 68 

connec lions, 60 

defective, 63, 69, 75 

effect of E. 31. F. on, 74 

of instruments, 106 

per mile, 66 
Kempe's discharge key, 37 

handbook, 3 
Keys, 24 

battery, 84 



DiqilizDdbyGoOgle 



Keys. coDslruction of, 106 

discbarge, 27 

reversing, 24 

short circuit, 80 
Lamp and BCale, 12 
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eter, 15 
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colls, 40 

conductor, 94 

high, 34, 35 

new form, 85 

of grounded wire, 93 

of loop, 90, 93, 95 
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Reverser. double plug, 83 
Rules for connecting up, 108 
Rymer-Jones key, 25 
Scale and lamp, 13 
Betting up galvanometer, 18 
Shelf for galvanometer, 14 
Shield, 14, 19 
Short circuit key, 80 
Shunts, 19 
Shimt formulie, 20 

multiplying power of, 19 

of various resistances, 41 

resbtance of, 23 

use of, in capacity lest. 78 
Signs of good insulatioii, 63 
Simple rules for connecting up, 

108 
Submarine cables, 68 [14 

Swinging shelf for galvanometer. 
Table of shunts. 41 
Telephone cables, 67 
Temperature, 33, 41, 63, 67 

standard for tests. 67 
Test for capacity, 76, 78 

conductor reslstauce, 86 
issuJatlon, 60, 74, 106 
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Testlog battery, 49 

table, 100 
Tripod galvanometer, 16 
UnadJuBtable high reEdatance, SS 
Unit of capadtj, 42 



Webb diacharge key, 28 

Wbeatstone bridge, 6, 80, 86 
mauipulatioQ of. 91 
principle of, 8. 86 
various forms of, 3S, 89 

Working out testa. 58, 64, 70, 
80.96 

Working out tests by logs., 70 
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